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The POLY Programming Team is here to create a well-rounded ACS National Meeting polymer 
program, provide guidance, and assist session organizers and presiders. Your input on future 
session topics and suggestions on improved programming techniques will help us reach this goal. 
Interested organizers are encouraged to complete the “PROPOSE A SYMPOSIUM” form online.  
https://polyacs.org/symposium-proposal-landing-page/ 
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POLY believes in the strength of diversity in all its forms, because inclusion of and respect for 

diverse people, experiences, and ideas lead to superior solutions to world challenges and 
advances polymer chemistry as a global, multidisciplinary science.  
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2022 Mark Scholar Award in honor of Kate Beers: 
 

Tuesday, 02:00pm - 06:00pm USA / Canada - Central - August 23, 2022 | Location: S105a (McCormick Place Convention Center) 
Eric Lin, Organizer, Presider; Christopher Soles, Organizer, Presider; Christopher Stafford, Organizer 
Session Type: Oral - Hybrid 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3735864 - Depolymerization of polymers prepared by ATRP and their degradation 
02:00pm - 02:30pm 
Krzysztof Matyjaszewski, Presenter 
 
3740819 - Sustaining our passion for sustainability: Segmented polyesters enabling recycling and upcycling 
02:30pm - 03:00pm 
Timothy Long, Presenter; Anastasia Arrington; Charles Rolsky; Jose Sintas; James R Brown 
 
3743979 - Computational reverse-engineering analysis for scattering experiments (CREASE) method for analyzing high-
throughput small angle scattering data from macromolecular materials 
03:00pm - 03:30pm 
Arthi Jayaraman, Presenter 
 
3745109 - Measuring transport in polymer-based membranes 
03:30pm - 04:00pm  
John Hoffman; Avery Baumann; Ryan Nieuwendaal; Christopher Stafford, Presenter 
 
3742565 - Vanadium mediated olefin metathesis: Current capabilities and implications for polymer synthesis 
04:00pm - 04:30pm  
Wesley Farrell, Presenter 
 
3755773 - Multimodal characterization of model polyolefins: Understanding structure-property relationships and their impacts 
on polymer circularity 
04:30pm - 05:00pm 
Sara Orski, Presenter 
 
3744077 - Is sustainable attainable? Reimagining polymer thermosets beyond service life 
05:00pm - 05:30pm 
Prof. Derek Patton, Presenter; Jaylen Davis; Benjamin M Alameda, Graduate Student; Mr. Reese K Sloan; Pritha Bhunia; 
Catherine Sarantes 
 
3746236 - Enabling progress towards increased polymer circularity 
05:30pm - 06:00pm 
Kathryn Beers, Presenter 
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2022 Mark Scholar Award in honor of Kate Beers: 
 

Depolymerization of polymers prepared by ATRP and their degradation 

Krzysztof Matyjaszewski, km3b@andrew.cmu.edu. Carnegie Mellon University, Pittsburgh, 
Pennsylvania, United States  

Depolymerization of polymers prepared by ATRP and their degradation is critically reviewed. 
They will include polymers with complexed architecture and also linear polymers. 
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2022 Mark Scholar Award in honor of Kate Beers: 

Sustaining our passion for sustainability: Segmented polyesters enabling recycling and 
upcycling 

Timothy E. Long, telong@asu.edu, Anastasia Arrington, Charles Rolsky, Jose I. Sintas, James 
R. Brown. Biodesign Institute, Arizona State University, Tempe, Arizona, United States  

Polyesters continue to receive intense attention in our search for materials sustainability due to 
the electrophilic reactivity of the ester carbonyl in the polymer main chain. A diversity of chemo- 
and bio-catalytic pathways exist for the depolymerization of polyesters and returning waste 
plastics to highly pure reactive monomers and oligomers. The ester carbonyl is amenable to a 
diversity of depolymerization methods such as popular methanolysis and glycolysis in the 
presence of diverse catalysts. In addition, polyester compositions are highly tunable in terms of 
reactivity of the ester carbonyl and a wide range of various dicarboxylic acids and diols that are 
readily commercially available. Recent efforts have involved the inclusion of ester-containing 
segments into a range of polymer compositions including polysulfones and polyolefins, enabling 
both polymer families to be susceptible to depolymerization and the release of preformed 
sequences that will enable more facile separation and isolation. The primary concern is the 
isolation of highly pure monomers and telechelic oligomers that are amenable to subsequent 
step-growth polymerization where monomer purities and extents of reaction must both exceed 
99%. The following figure depicts the introduction of ester-containing sequences into polyethylene 
using carboxylic acid terminated polyethylene oligomers that are accessible with ROMP 
techniques. In addition, telechelic engineering polymers with terminal aliphatic hydroxyl 
functionality are amenable to copolymerization in commercially viable polycondensation 
processes. Polyester polyols have also received attention in segmented polyurethane 
compositions despite some compromises in mechanical performance. Initial efforts involved the 
preparation of poly(arylene ether sulfones), which are recovered post polyester depolymerization. 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450611
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2022 Mark Scholar Award in honor of Kate Beers: 

Computational reverse-engineering analysis for scattering experiments (CREASE) method 
for analyzing high-throughput small angle scattering data from macromolecular materials 

Arthi Jayaraman, arthij@udel.edu. Chemical and Biomolecular Engineering & Materials Science 
and Engineering, University of Delaware, Newark, Delaware, United States  

In this talk I will present my group members’ efforts in the development and recent improvements 
of the Computational Reverse-Engineering Analysis for Scattering Experiments (CREASE) 
approach to analyze structures in a variety of soft materials systems. With CREASE, one can 
deduce information about assembled structures characterized via small-angle scattering without 
having to rely on fits using conventional analytical scattering models that may be approximate or 
inapplicable for the soft materials system at hand. With scattering intensity profiles provided to 
CREASE as an input, the output from CREASE includes the shape, morphology, dimensions, and 
molecular packing in the assembled structure. CREASE is comprised of two steps: the first step 
involves a machine-learning enhanced genetic algorithm (GA) to determine the shape and 
dimensions of the domains in the structure and the second step uses molecular simulations to 
reconstruct chain conformations and monomer level arrangements within the assembled 
structure. I will share in this talk our successful application of CREASE to analyze small-angle X-
ray scattering (SAXS) and neutron scattering (SANS) data obtained for assembled structures in 
amphiphilic block copolymer solutions as well as binary mixtures of particles with varying degrees 
of particle size dispersity and particle segregation. 

  

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450611
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2022 Mark Scholar Award in honor of Kate Beers: 

Measuring transport in polymer-based membranes 

John R. Hoffman, Avery E. Baumann, Ryan Nieuwendaal, Christopher M. Stafford, 
chris.stafford@nist.gov. Materials Science and Engineering Division, National Institute of 
Standards and Technology, Gaithersburg, Maryland, United States  

Polymer-based membranes play a critical role in sustainability challenges such as access to 
clean water and CO2 removal/sequestration. The selective transport of each analyte in the feed 
stream ultimately dictates performance, as defined by the permselectivity of the membrane. We 
utilize several measurement techniques to assess the intrinsic transport properties of membranes 
for desalination and CO2 capture. In this talk, we highlight measurements of structure-transport in 
polyamide-based desalination membranes and polyethyleneimine-based direct air capture 
membranes. Specifically, polarization-modulated infrared reflection absorption spectroscopy (PM-
IRRAS) was used to study the time-dependent uptake and release of analytes (e.g., water, 
CO2),which we then correlate to membrane properties such as chemistry, crosslink density, 
and/or thickness. Additionally, we used 13C CPMAS NMR to perform compositional analysis and 
1H field cycling NMR to reveal polymer segmental dynamics and water transport. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450611


11 
 

2022 Mark Scholar Award in honor of Kate Beers: 

Vanadium mediated olefin metathesis: Current capabilities and implications for polymer 
synthesis 

Wesley Farrell, wfarrell@usna.edu. Chemistry, US Naval Academy, Annapolis, Maryland, United 
States  

Olefin metathesis has long been a powerful tool in organic chemistry, playing a crucial role in 
precision polymer synthesis. Classically, these reactions are mediated by Mo, W, and Ru 
alkylidene initiators. There have been many successful efforts to employ more abundant, less-
expensive, and environmentally-friendly base metals for a variety of metal-mediated catalytic 
processes, but olefin metathesis has long been challenging in this regard. This talk will provide a 
brief overview of the recent success of vanadium(V) alkylidenes in mediating ring-opening 
metathesis polymerization. Efforts from our group to expand the breadth of the application of 
vanadium(V) alkylidenes to other olefin metathesis reactions such as cross-metathesis, which 
have implications for different polymerization mechanisms such as acyclic diene metathesis 
polymerization, will be discussed, as well as our investigations into the tolerance of these species 
towards functionalized monomers. 

  

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450611
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2022 Mark Scholar Award in honor of Kate Beers: 

Multimodal characterization of model polyolefins: Understanding structure-property 
relationships and their impacts on polymer circularity 

Sara V. Orski, sara.orski@nist.gov. Materials Science & Engineering, National Institute of 
Standards and Technology, Gaithersburg, Maryland, United States  

For the first hundred years of macromolecular synthesis and design, the emphasis was on control 
of material properties to optimize processes and (often) mechanical properties for commercial 
materials. As the second century of polymer design focuses more on polymer sustainability and, 
specifically, approaches for a circular polymer economy, the boundaries of structure-property 
relationships must also include concerns such as controlled degradation and depolymerization, 
energy use, the role of additives for recycling, and quantitative measurements of post-consumer 
resin quality. This complex polymer “ecosystem” requires measurements that can separate and 
differentiate complex mixtures of polymers, and additives to be scalable and consistent for large 
scale use of recycled polymeric materials. This talk will highlight the approach of synthesizing 
model material families – specifically controlled polyolefin copolymers, where material 
architecture, chemistry, sequence, molar mass, and dispersity, are systematically varied and 
blended to explore quantitative structure-property-performance measurements demonstrated by 
several analytical methods such as high-temperature size exclusion chromatography, differential 
scanning calorimetry, and near-infrared spectroscopy, among other chemical characterization 
methods. Focus on the role of blends and additives will also be discussed along with emerging 
efforts in correlating multiple measurement methods, which will be useful in characterizing post-
consumer resins and ensuring quality of recycled materials with varying feedstock composition. 

The approach of quality materials synthesis to guide and develop quality measurements has 
been among many of the contributions and causes championed by Dr. Beers during her tenure 
within the Materials Science & Engineering Division at NIST. 
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2022 Mark Scholar Award in honor of Kate Beers: 

Is sustainable attainable? Reimagining polymer thermosets beyond service life 

Derek L. Patton, derek.patton@usm.edu, Jaylen Davis, Benjamin M. Alameda, Reese Sloan, 
Pritha Bhunia, Catherine Sarantes. School of Polymer Science and Engineering, University of 
Southern Mississippi, Hattiesburg, Mississippi, United States  

Conventional polymer thermosets are often designed for thermal stability, chemical resistance, 
and high performance – attributes that arise from the permanent covalent crosslinks comprising 
the macromolecular network architecture. As designed, conventional thermosets are typically 
unamenable to mainstream recycling pathways and are often pulverized for use as fillers, 
pyrolyzed for fuel, or landfilled at the end-of-use. This presentation will highlight promising routes 
and continued challenges to improve the sustainability and circularity of polymer thermosets, 
including the introduction of degradable and dynamic motifs that aim to progress these concepts 
from academic curiosities to industrial realities. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450611
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2022 Mark Scholar Award in honor of Kate Beers: 

Enabling progress towards increased polymer circularity 

Kathryn Beers, beers@nist.gov. Materials Measurement Lab, National Institute of Standards 
and Technology, Gaithersburg, Maryland, United States  

The convergence of global trade disruptions in plastic waste with an increasing awareness of the 
environmental impacts of mismanaged plastic is driving stakeholders along the full supply chain 
of plastics production to pursue opportunities to improve the life cycle and circularity of plastic 
materials. NIST has initiated a circular economy program which is investigating root problems, 
and establishing research, standards and data efforts to facilitate adoption of new manufacturing, 
recovery and reprocessing technologies, while simultaneously supporting a better understanding 
the environmental impacts of current and past practices. The NIST effort includes support for 
economic tools, documentary standards and a future data infrastructure that will improve decision 
making. A second arm of the program is focused on fundamental polymer science targeting 
improved materials design for end of life and improved re-processing technologies. Our team 
spans molecular dynamics and modeling, synthesis of model materials, and improving 
understanding of thermodynamics of polymer blend and blend processing. This research thrust is 
also linked to our growing effort in supporting the use of machine learning and artificial 
intelligence to advance measurements, such as those used to sort plastic materials at end of life. 
Finally, the full impacts and improvements afforded by conversion to circularity can only be 
measured through high quality, reproducible and repeatable environmental assessment of plastic 
in our water, land and air. Both the NIST excellence in analytical measurement, along with our 
convening role between industry and government, and collaborative work with other Federal 
agencies and international metrology institutes, are being engaged to develop the tools that will 
be critical to knowing we are making a difference. 

  

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450611
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 
 

Wednesday, 02:00pm - 05:30pm USA / Canada - Central - August 24, 2022 | Location: S105a (McCormick Place 
Convention Center) 
Timothy Lodge, Organizer, Presider; Angelika Neitzel, Presider; Ralm Ricarte, Presider 
Session Type: Oral - Hybrid 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks 
02:00pm - 02:05pm 
 
3739898 - Woody biomass derivable polyesters with selectable pendant groups 
02:05pm - 02:25pm 
William Gramlich, Presenter 
 
3728892 - Use BioPACIFIC MIP to accelerate your research 
02:25pm - 02:45pm 
Morgan Bates, Presenter 
 
3731166 - Marc likes biomass-based polymers and ROMP: So here’s both 
02:45pm - 03:05pm 
Justin Kennemur, Presenter 
 
3756502 - Controlled radical polymerization of Iiodostyrene 
03:05pm - 03:25pm 
Dr. Philip T. Dirlam, Presenter; Kym Ngo; Jorge Silva 
 
3738750 - Star polymers as scaffolds for catalysis 
03:25pm - 03:45pm 
Madalyn Radlauer, Presenter; Melissa Griffin; Melanie Gonzalez; Zehra Hamidi; Dana Wong; Jessica Biton; Ann 
Bargstadt; Juancarlos Rojas; Tyeshia Sapp 
 
Intermission - 03:45pm - 04:00pm 
 
3740251 - Chemical and physical tailoring of guanidine-based dissociative dynamic networks 
04:00pm - 04:20pm 
Michael Larsen, Presenter 
 
3739914 - Encapsulation of a hydrophobic drug in block copolymer nanoparticles during polymerization induced self-
assembly 
04:20pm - 04:40pm 
Guanrui Li; Ralm Ricarte, Presenter 
 
3741373 - Manipulating charge density to tune phase behavior, structure, and dynamics of polyelectrolyte complex 
coacervates 
04:40pm - 05:00pm 
Angelika Neitzel, Presenter; Yan Fang; Boyuan Yu; Artem Rumyantsev; Aman Agarwal; Jelena Dinic; Alamgir Karim; 
Juan De Pablo; Matthew Tirrell 
 
3750717 - My long journey with metathesis polymerizations 
05:00pm - 05:30pm 
Marc Hillmyer, Presenter 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Woody biomass derivable polyesters with selectable pendant groups 

William Gramlich1,2, william.gramlich@maine.edu. (1) Chemistry, University of Maine, Orono, 
Maine, United States (2) Advanced Structures and Composites Center, University of Maine, 
Orono, Maine, United States  

For renewably sourced and sustainable polymers to replace petroleum based materials, polymer 
chemical diversity is required to create new polymers with different glass transition temperatures, 
mechanical properties, and degradation behavior, for example. Six-membered lactone monomers 
that are functionalized at the delta-position with a methoxy-ether linkage as a pendant group can 
be synthesized through the catalytic upgrading of hydroxymethylfurfural (HMF) and phenols that 
can be produced through woody biomass. A library of these functionalized delta-hexalactones 
(FDHLs) were synthesized with pendant groups that have different numbers of aromatic rings, 
ring fusion, and saturation. This system probed how pendant group structure affects 
polymerization behavior and polymer thermal properties. Ring opening polymerization was 
performed with 1,5,7-triazabicyclo[4.4.0]dec-5-ene (TBD) catalyst to generate polymers that 
followed typical equilibrium polymerization kinetics for ring opening polymerization. The size of 
the pendant group affected the required TBD catalyst loading to cause the polymerization to 
proceed past initiation and to propagate a polymer chain. The polymers with a phenol pendant 
group (poly(PDHL)) and a 2-phenylphenol pendant group (poly(2-PhPDHL)) could be 
polymerized to appreciable molecular weights and yielded glass transition temperatures of 6 and 
40 °C, respectively. 

 

 
Functionalized delta-hexalactone monomers with selectable pendant groups and their polymerization 

  

https://acs.digitellinc.com/acs/live/28/page/905/12?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450620


18 
 

2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Use BioPACIFIC MIP to accelerate your research 

Morgan Bates, morganbates@ucsb.edu. BioPACIFIC MIP, University of California Santa 
Barbara, Santa Barbara, California, United States  

BioPolymers, Automated Cellular Infrastructure, Flow, and Integrated Chemistry Materials 
Innovation Platform (BioPACIFIC MIP) is a national user facility dedicated to enabling research in 
the field of biomaterials and related synthetic polymers. My talk will describe the automated and 
high-throughput experimental resources of BioPACIFIC MIP located at the UCSB and UCLA 
campuses and how all US researchers can gain free access to this unique infrastructure through 
a proposal-based user program. Join this talk to learn about how BioPACIFIC MIP's tools of 
automation in synthetic biology, materials synthesis, high-throughput characterization, and 
additive manufacturing can accelerate your research. 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Marc likes biomass-based polymers and ROMP: So here’s both 

Justin G. Kennemur, kennemur@chem.fsu.edu. Chemistry and Biochemistry, Florida State 
University, Tallahassee, Florida, United States  

The major volatile component of conifer tree sap is α-pinene (~70% of volatile terpene content on 
average.). Therefore α-pinene is an abundant, bio-sourced, and inedible chemical feedstock that 
can be harvested non-destructively from pine trees. Additionally, the all-hydrocarbon structure of 
terpenes makes them sought-after candidates for the synthesis of new polyolefin materials. To 
date, the trisubstituted and sterically congested olefin of α-pinene renders it a notoriously difficult 
monomer to polymerize through various methods. While density functional theory calculations 
suggest α-pinene is sufficiently strained, ring opening metathesis polymerization (ROMP) has 
been unsuccessful, owing to this steric congestion near the cycloolefin. When I was a Post-Doc 
with Marc and Frank at UMN, my research project involved neither sustainable polymers nor 
ROMP, making me feel sometimes left out. I therefore got my own laboratory to explore what 
might have been. We envisioned that isomerization of α-pinene to δ-pinene, which features a 
more accessible disubstituted olefin may afford a new monomer capable of ROMP. We 
discovered that δ-pinene undergoes ROMP to high conversion (>95%), high molar mass (70 
kDa), and in highly controlled fashion (D < 1.3) using Grubbs’ 3rd generation catalyst. Mechanistic 
details on ROMP and some investigations on material properties of this new polyolefin will be 
discussed. Marc may or may not be impressed. 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Controlled radical polymerization of Iiodostyrene 

Philip T. Dirlam, philip.dirlam@sjsu.edu, Kym Ngo, Jorge Silva. Chemistry, San Jose State 
University, San Jose, California, United States  

Poly(iodostyrene) in an attractive material for post-polymerization modification to prepare styrenic 
polymers with diverse side chain functionality using cross-coupling reactions and polymer-
supported hypervalent iodine reagents via oxidation. Prior efforts towards the synthesis of 
poly(iodostyrene) have relied upon direct iodination of pre-formed polystyrene substrates or the 
use of anionic polymerization systems. The direct substitution of iodine onto polystyrene requires 
harsh conditions, aggressive reagents and long reaction times which only result in up to 80% 
iodination and anionic polymerization of iodostyrene is complicated by undesirable halogen 
exchange and coupling reactions. We demonstrate the use of controlled radical polymerization 
techniques (i.e. RAFT and ATRP) for the synthesis of well-defined poly(4-iodostyrene) with low 
dispersity and predicable molar mass. Additionally, we show the utility of poly(4-iodostyrene) to 
prepare polymer-supported hypervalent iodine reagents and as a precursor for synthesizing 
functionalized polystyrenics using efficient cross-coupling chemistry. 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Star polymers as scaffolds for catalysis 

Madalyn R. Radlauer, madalyn.radlauer@sjsu.edu, Melissa S. Griffin, Melanie Gonzalez, Zehra 
Hamidi, Dana A. Wong, Jessica C. Biton, Ann Bargstadt, Juancarlos Rojas, Tyeshia Sapp. 
Chemistry, San Jose State University, San Jose, California, United States  

Synthesis of star polymers using an “arm first” method and reversible addition-fragmentation 
chain transfer (RAFT) polymerization tolerates a wide variety of monomers, comonomers, and 
cross-linkers. Altering the ratio of “arm” to cross-linker to monomer changes both the efficiency of 
the cross-linking to make stars as well as the architecture of the materials. We are studying 
styrenic, acrylate, and amide monomers and cross-linkers as well as comonomers that are 
modified to possess ligand precursors for transition metal catalysts to build these star cores. 
Metallation of the core-confined ligands and catalytic trials will help us understand the effects of 
the star core’s steric environment on catalysis. Crosslink density and the presence of various 
functional groups within the core are also parameters under investigation. Characterization of the 
star polymer structures by gel permeation chromatography with multi-angle light scattering allows 
us to calculate the average number of arms incorporated into our star polymers. Further 
characterization of the materials and catalytic studies are ongoing. 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Chemical and physical tailoring of guanidine-based dissociative dynamic networks 

Michael Larsen, mike.larsen@wwu.edu. Chemistry, Western Washington University, Bellingham, 
Washington, United States  

In the past decade, substantial effort has been devoted to understanding the fundamental 
characteristics of dynamic polymer networks and developing new exchange chemistries that can 
serve as the basis for these materials. In this vein, we developed a new reaction in which the N-
components of the guanidine functional group are exchanged at elevated temperature. Small 
molecule studies indicated that the kinetics of the reaction are quite sensitive to guanidine 
structure, and we used these observations to develop a suite of guanidine-based dynamic 
networks with tailorable rheological properties. Combined with investigations into the effect of 
crosslink density and matrix polarity, we show that these materials exhibit tunable dynamic 
behavior. 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Encapsulation of a hydrophobic drug in block copolymer nanoparticles during 
polymerization induced self-assembly 

Guanrui Li, Ralm Ricarte, rricarte@eng.famu.fsu.edu. Chemical and Biomedical Engineering, 
Florida A&M University-Florida State University College of Engineering, Tallahassee, Florida, 
United States  

Polymerization induced self-assembly (PISA) is a facile in situ method for producing block 
copolymer nanoparticles (PNPs). It produces PNP solutions with high solids content, requires no 
post-synthetic purification steps, and easily accesses cylinder and vesicle morphologies. Using a 
PISA approach, we investigate the aqueous polymerization of poly(glycerol monomethacrylate)-
block-poly(2-hydroxypropyl methacrylate) (PGMA-PHPMA) in the presence of phenylacetic acid, 
a hydrophobic drug. PGMA is the corona-block, while PHPMA is the core-block. The resulting 
PNP nanostructure was characterized by transmission electron microscopy and dynamic light 
scattering, while drug encapsulation was quantified using nuclear magnetic resonance diffusion 
ordered spectroscopy. For a constant PHPMA degree of polymerization, an increase in the 
targeted drug loading expands the PNP size and shifts the morphology from spherical micelles to 
cylindrical micelles to vesicles. At a targeted drug concentration of 32 mg/mL – twice the water 
solubility limit of phenylacetic acid – the encapsulation efficiency reaches a maximum. An 
increase in the PHPMA degree of polymerization, however, has minimal impact on encapsulation 
efficiency. Our findings are compared to predictions from thermodynamic models. 
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2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

Manipulating charge density to tune phase behavior, structure, and dynamics of 
polyelectrolyte complex coacervates 

Angelika S. Neitzel1,2, angelikan@uchicago.edu, Yan Fang1, Boyuan Yu1, Artem Rumyantsev1, 
Aman Agarwal3, Jelena Dinic2,1, Alamgir Karim3, Juan J. De Pablo1,2, Matthew V. Tirrell1,2. (1) 
Pritzker School of Molecular Engineering, University of Chicago, Chicago, Illinois, United States 
(2) Argonne National Laboratory Materials Science Division, Lemont, Illinois, United States (3) 
University of Houston, Houston, Texas, United States  

Polyelectrolyte complex coacervation is an important process in nature and, in combination with synthetic 
variations in macromolecular architecture, provides new tools and versatility in the design of functional 
materials. Synthetic polylelectrolyte complexes (PECs) studied thus far have predominantly dealt with fully 
or strongly charged polyelectrolytes, i.e., those where all or a majority of monomer units are ionized, 
respectively. Meanwhile, theoretical studies suggest that linear charge density—or the fraction of ionic 
monomers f—can be used to tune the binodals of the associative phase separation as well as the internal 
structure and viscoelastic properties of the PEC phase. A quantitative understanding of how PEC structure 
and properties change over a broad range of charge densities remains however experimentally unexplored. 
We have aimed to fill this gap and in this talk will share binodals, scattering profiles, and rheological 
behavior of PECs assembled from hydrophilic, near ideally random (co)polyelectrolytes with f = 0.10−1.0. 
We also demonstrate the formation of multiphase coacervates by combining multiple charge density 
mismatched polyelectrolytes. Our experimental findings are contrasted with predictions from available 
scaling theory and molecular dynamics simulations to rationalize salient features. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/12?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450620


25 
 

2022 Mark Scholar Senior Award in Honor of Marc Hillmyer: 

My long journey with metathesis polymerizations 

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

For several decades now I have worked on research projects that make effective use of 
metathesis polymerizations. I learned all about Acyclic Diene Metathesis Polymerization 
(ADMET) during the dawn of this technique early in my training as an undergraduate researcher 
with Ken Wagener at the University of Florida, and I focused on Ring-Opening Metathesis 
Polymerization (ROMP) in my Ph.D. work with Bob Grubbs at Caltech. After a brief hiatus early in 
my independent career, I have consistently returned to metathesis polymerizations in my 
research program for two main reasons. First, the continued development of numerous 
commercially available, functional group tolerant, highly active, ruthenium-based metathesis 
catalysts developed largely by Grubbs has had a truly transformative impact on polymer 
synthesis. So much that was only possible on the chalkboard in my early days with metathesis is 
not only possible in practice today, but now these catalysts can be used in simple, 
straightforward, and efficient procedures to generate an amazing array of new materials. 
Secondly, the ROMP of cyclooctene and its derivatives, with and without chain transfer agents, 
has always interested me and has allowed for the preparation of new fascinating polymers from 
simple (and sometimes not so simple) starting materials. In this presentation I will reflect on my 
journey with metathesis polymerizations and provide recent examples from my research group 
highlighting the power of this extremely versatile technique. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

 
 

08:00am - 11:30am USA / Canada - Central - August 24, 2022 | Location: S105a (McCormick Place Convention 
Center) 
Derek Gates, Organizer; Zachary Hudson, Organizer, Presider 
Session Type: Oral - Hybrid 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3732755 - Heterogeneous photoredox catalysis using polymer brush- functionalized glass beads 
08:00am - 08:25am  
Kirsten Bell; Sarah Freeburne; Christian Pester, Presenter 
 
3733783 - N-heterocyclic carbene-based metallopolymers as precursors to highly stable and catalytically active 
metal nanoparticles 
08:25am - 08:50am  
Ali Nazemi, Presenter; Diep Nguyen; Marilyne Bélanger-Bouliga; Lorianne Shultz; Titel Jurca 
 
3733925 - Synthesis and applications of a metathesis-triggered self-immolative polymer 
08:50am - 09:15am 
Jia Niu, Presenter 
 
3736328 - Designing degradable conjugated polymers 
09:15am - 09:40am 
Helen Tran, Presenter 
 
Intermission - 09:40am - 09:50am 
 
3737543 - PN cages as modular entry points into cage-dense inorganic materials 
09:50am - 10:15am 
Saurabh Chitnis, Presenter; Joseph Bedard; Mohsen Shayan 
 
3739581 - New synthetic strategies to control colloidal features after particle preparation 
10:15am - 10:40am 
Daniel Klinger, Presenter 
 
3754109 - New strategies to recyclable polymers using sulfur chemistry 
10:40am - 11:05am 
Will Gutekunst, Presenter 
 
3757761 - Luminescent polymer nanoparticles for diagnostics and imaging 
11:05am - 11:30am 
Zachary Hudson, Presenter 

https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450601
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450602
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450603
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450603
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450604
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450605
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450606
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450607
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450608
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450609
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450610
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201


28 
 

2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

Heterogeneous photoredox catalysis using polymer brush- functionalized glass beads 

Kirsten Bell, Sarah Freeburne, Christian W. Pester, pester@psu.edu. Chemical Engineering, 
The Pennsylvania State University, University Park, Pennsylvania, United States  

Photoredox catalysis is a potent approach that provides user-friendly access to small and 
macromolecular molecules under mild reaction conditions and visible light irradiation. However, 
the photocatalysts’ inherent visible light absorption means that catalyst residuals in final polymers 
product can lead to discoloration and their excited states can promote material degradation. 
Further, the high cost of common transition metal photocatalysts and complex synthetic pathways 
for organic alternatives makes their use on large scales economically prohibitive. This 
presentation introduces a heterogeneous photoredox catalysis platform based on fully organic 
fluorescein functionalized polymers grafted to micron-scale glass beads. These photocatalytic 
beads were used for light-mediated heterogeneous photoredox RAFT polymerizations. Monomer 
conversion is possible in excess of 90%, and the polymerization can be switched on and off by 
triggering the light source. Furthermore, good oxygen tolerance is possible. Recyclability of the 
heterogeneous catalyst was verified through sequential re-use of the particles for multiple 
polymerizations. Finally, through the covalent tether, final products are obtained free of catalyst 
impurities. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

N-heterocyclic carbene-based metallopolymers as precursors to highly stable and 
catalytically active metal nanoparticles 

Ali Nazemi1, nazemi.ali@uqam.ca, Diep T. Nguyen1, Marilyne Bélanger-Bouliga1, Lorianne R. 
Shultz2, Titel Jurca2. (1) Universite du Quebec a Montreal, Montreal, Quebec, Canada (2) 
University of Central Florida, Orlando, Florida, United States  

Metallic nanomaterials have widespread applications across multiple areas of science and 
technology. Sulfur-containing ligands (thiols and thioethers) have been traditionally used as 
ligands to protect and functionalize these materials. N-Heterocyclic carbenes (NHCs) are 
promising alternatives to commonly employed thiols for stabilizing metal nanoparticles (NPs). The 
enhanced stabilization of NHC-capped NPs, due to a strong NHC-metal bond, has fueled their 
growing applications in nanomedicine and catalysis.1 In fact, nanomaterials decorated with NHCs 
have been shown to withstand a variety of harsh conditions. However, such materials still suffer 
from limited stability in the presence of thiols, such as the biologically relevant glutathione, in 
aqueous media. To tackle this problem, our group has recently developed novel approaches to 
synthesize polymerized NHC-metal complexes as precursors to metallic nanoparticles.2,3 In this 
presentation, I will discuss some of the advances we have made in accessing such polymers. In 
addition, the application of these metallopolymers as substrates in the bottom-up fabrication of 
metal nanoparticles, their stabilities, and their catalytic activities will be discussed. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

Synthesis and applications of a metathesis-triggered self-immolative polymer 

Jia Niu, jia.niu@bc.edu. Chemistry, Boston College, Chestnut Hill, Massachusetts, United States  

In this talk honoring Professor Zachary Hudson’s Mark Young Scholar Award, I will discuss our 
efforts for the synthesis and structure-function relationship studies of a novel class of metathesis-
triggered self-immolative polymers (SIPs). Incorporating a 1,6-enyne motif in the backbone, these 
SIPs are stable in harsh conditions but can undergo rapid depolymerization upon triggered by an 
olefin metathesis catalyst. As a proof of the principle for sensing applications, fluorescence 
amplification of these metathesis-triggered SIPs and its application in immunosorbent assays are 
demonstrated. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

Designing degradable conjugated polymers 

Helen Tran1,2, tran@utoronto.ca. (1) Chemistry, University of Toronto, Toronto, Ontario, Canada 
(2) Chemical Engineering and Applied Chemistry, University of Toronto, Toronto, Ontario, 
Canada  

Next-generation electronics will autonomously respond to local stimuli and be seamlessly 
integrated with the human body, opening the doors for opportunities in environmental monitoring, 
advanced consumer products, and health diagnostics for personalized therapy. For example, 
biodegradable electronics promise to accelerate the integration of electronics with health care by 
obviating the need for costly device-recovery surgeries that increase infection risk. Moreover, the 
environmentally critical problem of discarded electronic waste would be relieved. The 
underpinning of such next-generation electronics is the development of new materials with a wide 
suite of functional properties beyond our current toolkit. Organic polymers are a natural bridge 
between electronics and soft matter, where the vast chemical design space allows tunability of 
electronic, mechanical, and transient properties. Our research group leverages the rich palette of 
polymer chemistry to design new materials encoded with information for self-assembly, 
degradability, and electronic transport. In this talk, we will share our progress on the molecular 
design of semiconducting polymers to achieve degradability. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

PN cages as modular entry points into cage-dense inorganic materials 

Saurabh S. Chitnis, saurabh.chitnis@dal.ca, Joseph Bedard, Mohsen Shayan. Chemistry, 
Dalhousie University, Halifax, Nova Scotia, Canada  

The microstructure of monomers affects the material properties of polymers made from them. 
While linear (e.g. ethylene) and cyclic (thiophene) monomers are ubiquitous in polymer chemistry, 
3-dimensional monomers (molecular cages) are minimally represented. This is because most 
monomers are constructed from hydrocarbon frameworks, and making well-defined cages from 
hydrocarbons is challenged by the high strain inherent to short and rigid C-C bonds. For the same 
reason, macromolecules made from simple organic cages also exhibit poor solubility. Thus, cage-
dense materials remain difficult to access, primarily due to a lack of readily available and 
solubilizing monomers. 

We recognized that the inorganic p-block elements readily form unstrained cages that are 
thermodynamically stable and kinetically accessible. The longer, more flexible, bonds found in 
such compounds can also enhance solubility (e.g. polysiloxanes). We now reveal a family of 
inexpensive and easily prepared phosphorus-nitrogen molecular cages that have nucleophilic 
termini suitable for polycondensation reactions with electrophilic linkers. These 
polycondensations yield high-molecular weight, solution processeable, polymers that exhibit good 
ambient stability and excellent tunability on the linker side, permitting incorporation of several 
inorganic elements into the polymer backbone. The cages-dense PNX (X = linker element) 
polymers can also be crosslinked to generate porous networks and shape persistent objects. The 
synthesis, polymerization kinetics, and material properties of these new PNX cage materials will 
be described. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

New synthetic strategies to control colloidal features after particle preparation 

Daniel Klinger, daniel.klinger@fu-berlin.de. Freie Universitat Berlin, Berlin, Berlin, Germany  

Precise control over colloidal features is a key requirement in the development of particle-based 
materials. However, current synthetic techniques are often limited in their chemical and structural 
design due to incompatibilities between particle preparation methods and functional groups or 
polymer architectures. To address these restrictions, we are developing new strategies for the 
modification of preformed particles. 

By transferring the powerful concept of post-polymerization functionalization to colloidal 
chemistry, we have developed a versatile synthetic platform for the preparation of (multi-
)functional nanogel libraries. For this, we use well-defined precursor particles that contain 
crosslinked networks of reactive polymers. In such swollen colloids, we isotropically introduce 
internal functional groups after the particle synthesis. As a result, we can adjust the network 
composition with minimal variations in colloidal features, e.g. particle size and size distribution. 
This robust platform allows accurate investigations of structure-property relations that are 
challenging with conventional particle preparation methods. 

Modification of this concept enables regioselective functionalization in phase separated block 
copolymer (BCP) particles. In this strategy, we use monomers for domain-selective swelling. 
Subsequent spatially-controlled polymerization increases the respective lamellae thickness. This 
creates a new asymmetric lamellar morphology, which is not accessible through established BCP 
assembly methods. In addition, this structure translates to particle elongation, i.e., a strong 
increase of the aspect ratio. Ultimately, the utilization of reactive monomers allows the 
incorporation of chemical functionality while retaining control over particle shape and morphology. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

New strategies to recyclable polymers using sulfur chemistry 

Will Gutekunst, willgute@gatech.edu. Georgia Institute of Technology, Atlanta, Georgia, United 
States  

Finding more economical strategies for the generation and recycling of polymeric materials is a 
grand challenge at the forefront of materials science. The continued use of single-use plastics 
and improper disposal procedures is creating a waste burden that will not be sustainable in the 
future. One attractive approach to address this problem involves a circular monomer economy in 
which polymers are chemically recycled back to monomer (CRM). Here, two strategies towards 
the generation of materials capable of CRM are presented. First, systematic studies on 6-
membered thiolactone derivatives will be discussed to highlight the unusual impact of methylation 
and sulfur-atom substitution on polymerization behavior. These basic studies reveal the subtle 
role of cyclic monomer conformation on ring-strain and polymerization entropy, leading to 
identification a monomer with a low ceiling temperature and a highly temperature-sensitive 
polymerization equilibrium. In the second portion of the talk, the rapid rates of nucleophilic 
aromatic substitution with sulfur-based nucleophiles are leveraged to design cyclic monomers 
capable of ring-opening polymerization. The dynamic nature of the bonds in these materials 
permits depolymerization and degradation back to small molecule species that can be 
repolymerized back to high molecular weights. In particular, the role of solvent on controlling 
polymerization equilibrium is highlighted to further mediate the monomer recycling process. 
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2022 Mark Scholar Young Award in Honor of Zachary Hudson: 

Luminescent polymer nanoparticles for diagnostics and imaging 

Zachary Hudson, zhudson@chem.ubc.ca. Chemistry, The University of British Columbia, 
Vancouver, British Columbia, Canada  

Smartphones are now ubiquitous, and are more common than clean drinking water in some 
developing countries and remote communities. Where healthcare resources are limited, there is a 
need for diagnostic tools that are both inexpensive and readily available. Fluorescent polymer 
nanoparticles – termed polymer dots, or Pdots, have recently been shown to have sufficient 
brightness to be visible by a smartphone camera for fluoresence-based assays. In this lecture, 
the design and synthesis of new multifunctional Pdot probes for use in bioanalysis as diagnostic 
tools will be described. Pdots with near-infrared fluorescence capable of selective binding to 
breast cancer cells suitable for imaging in the biological transparency window (650 – 1350 nm) 
will be demonstrated. New Pdot technologies taing advantage of thermally activated delayed 
fluorescence (TADF) for time-gated imaging will also be described, allowing one to eliminate 
background fluorescence from biological tissues or secondary dyes. We will also show how 
single-chain polymer nanoparticles (SCPNs) can be used to give Pdots that can deliver a 
targeted drug payload with high specificity. Deep-red fluorescent polymer dots functionalized with 
a cell-penetrating peptide mimic will also be described, capable of entering a variety of 
mammalian cells with low cytotoxicity for time-gated imaging. 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 
 
Wednesday, 02:00pm - 06:00pm USA / Canada - Central - August 24, 2022 | Location: S104b (McCormick Place 
Convention Center) 
Paulomi Majumder, Organizer; Jitesh Soares, Organizer; Marc Hillmyer, Presider; Sebastien Lecommandoux, 
Presider; Stuart Rowan, Presider 
Session Type: Oral - Hybrid 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 02:00pm - 02:05pm 
 
3751800 - 3D printing and post-printing modification of CO2-based triblock copolymers 
02:05pm - 02:30pm 
Dr. Peiran Wei; Gulzar Bhat; Ciera E Cipriani; Hamza Mohammad; Krista Schoonover; Donald Darensbourg; Emily 
Pentzer, Presenter 
 
3743064 - Blending chemical reactivity and structural activity in polymer networks 
02:30pm - 02:55pm  
Stephen Craig, Presenter 
 
3744310 - Sequence-controlled peptoid polymers via iterative exponential growth 
02:55pm - 03:20pm 
Helen Tran, Presenter 
 
3738011 - Conjugated polymers inspired by crystalline silicon 
03:20pm - 03:50pm 
Rebekka Klausen, Presenter 
 
Intermission - 03:50pm - 04:05pm 
 
3741052 - Well-controlled copolymerization of polar and non-polar olefins by half-sandwich rare-earth catalysts 
04:05pm - 04:30pm 
Zhaomin Hou, Presenter 
 
3752263 - Copolymerizations of commonly used monomers to access high value-added materials (on demand)  
04:30pm - 04:55pm  
Dongmei Cui, Presenter; Lixian Huang; Yang Jiang; Tiantain Wang 
 
3740486 - How to form well-defined heterogeneous catalysts for olefin polymerization 
04:55pm - 05:20pm  
Matthew Conley, Presenter 
 
3737750 - Synthesis and properties of polar functionalized polyolefins 
05:20pm - 05:50pm  
Changle Chen, Presenter 
 
Concluding Remarks 
05:50pm - 06:00pm 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 
3D printing and post-printing modification of CO2-based triblock copolymers 

Peiran Wei, Gulzar Bhat, Ciera E. Cipriani, Hamza Mohammad, Krista Schoonover, Donald 
Darensbourg, Emily Pentzer, emilypentzer@tamu.edu. Texas A&M University System, College 
Station, Texas, United States  

This presentation will report the synthesis, printing, and post-printing covalent modification of 
CO2-based triblock copolymers. Triblock copolymers consisting of soft and hard blocks were 
prepared by co-polymerization of CO2 and epoxides using a salenCo(III)TFA/PPNTFA binary 
catalyst system, and the chemical composition and thermal properties of the copolymers studied. 
Thixotropic inks were then formulated by dissolving polymer in organic solvent and adding 
particles of NaCl. Direct ink write (DIW) 3D printing was used to produce objects that could be 
washed with water to remove the NaCl, producing porous polycarbonate materials. The 
mechanical properties were found to correlate to the ratio of hard and soft blocks, and the ability 
to chemically degrade the structures via hydrolysis was demonstrated. Judicious choice of 
triblock copolymer composition allowed for post-polymerization modification with small molecules 
or chemical cross-linking of selective blocks. The convenient and atom economical synthetic 
strategy, combined with the impressive surface modification capability, give access to high value-
added CO2-based polycarbonates suitable for additive manufacturing, thereby expanding the 
scope of applications of this materials class. 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

Blending chemical reactivity and structural activity in polymer networks 

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

Through synthesis, chemists can now program remarkable properties and function into individual 
polymer molecules, including in recent years the ability to stretch twice as far and absorb ten 
times more mechanical energy than had previously been observed. An open questions is how 
these molecular advances translate into the behavior of bulk materials such as polymer networks. 
This talk will describe recent work in which polymer networks are treated as complex chemical 
systems, in an attempt to bring chemical knowledge to bear on challenges in network 
performance and properties. 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

Sequence-controlled peptoid polymers via iterative exponential growth 

Helen Tran1,2, tran@utoronto.ca. (1) Chemistry, University of Toronto, Toronto, Ontario, Canada 
(2) Chemical Engineering and Applied Chemistry, University of Toronto, Toronto, Ontario, 
Canada  

The presentation of bioactive moieties in terms of multivalency, ligand density, and architecture 
plays a central role in biological recognition processes, including cellular adhesion and pathogen 
binding. Polypeptoids that self-assemble into two-dimensional (2D) nanosheets have potential to 
recapitulate these precise molecular recognition motifs onto a flexible platform for biosensing. 
The traditional solid-phase method for the synthesis of peptoids allows for precise control over 
the placement of potential recognition sites in the sequence, yet generates molecules on a small 
scale (~100 mg). Recent solution-phase synthetic methods have enabled gram-scale synthesis, 
but lack sequence-specificity needed for self-assembly and precise incorporation of molecular 
recognition motifs. Herein, we present our motivations and efforts in bridging this divide. 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

Conjugated polymers inspired by crystalline silicon 

Rebekka S. Klausen, klausen@jhu.edu. Johns Hopkins University, Baltimore, Maryland, United 
States  

This talk will describe the synthesis of molecular and polymeric mimics of crystalline silicon, the 
semiconductor underlying computers, solar cells, and many other technologies. Semiconductor 
synthesis relies on top-down, high-temperature approaches that yield only the most 
thermodynamically stable forms of silicon. Uncovering new structure-function space demands a 
different synthetic vision. Our synthetic approach aspires to achieve the complexity, selectivity, 
and elegance of target-oriented organic synthesis. Topics include the chemoselective 
polymerization of novel bifunctional silane monomers, selective preparation of linear and cyclic 
polycyclosilanes, optical tuning by copolymerization, and the stereocontrolled synthesis of cis- 
and trans-siladecalin. Approaches to the structural characterization of novel silane architectures 
will also be discussed. 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

Well-controlled copolymerization of polar and non-polar olefins by half-sandwich rare-
earth catalysts 

Zhaomin Hou, houz@riken.jp. Rikagaku Kenkyujo Kankyo Shigen Kagaku Kenkyu Center, 
Wako, Saitama, Japan  

In this presentation, I would like to report our recent studies on the copolymerization of polar and 
non-polar olefins by half-sandwich rare-earth catalysts, which afforded a new family of functional 
polymers with well-controlled comonomer-incorporation and microstructures. Some examples are 
shown in Figure 1. Some of the copolymers showed remarkable self-healing and shape memory 
properties. 

 

 
Figure 1 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

Copolymerizations of commonly used monomers to access high value-added materials 

Dongmei Cui, dmcui@ciac.ac.cn, Lixian Huang, Yang Jiang, Tiantain Wang. Chang Chun 
Institute of Applied Chemistry Chinese Academy of Sciences, Changchun, Jilin, China  

To make new materials with advanced and value-added properties from widely employed 
monomers by means of precisely designed catalysts and establish new theory or synthon are the 
most promising research projects and forever targets of polymer science. The simple olefin like 
ethylene (E) and conjugated dienes like butadiene (BD) and isoprene (IP) as well as styrene (St) 
are the commonly used monomers from petroleum resource to fabricate polyethylene 
(polystyrene) plastics and polydiene rubbers via coordination polymerization. Therefore, for a half 
century, attempts to combine these kinds of monomers into one macromolecular chain 
anticipated to obtain advanced properties beyond the homopolymer precursors, alternatively, to 
combine high tensile and tear strength, aging resistance, outstanding low-temperature 
performance as well as excellent abrasion resistance from plastics and rubbers into one product, 
has never been stopped. However, the copolymerization of conjugated dienes and E (or St) is 
frustrated by the facts that the monomers have unmatched activity and incompatible 
mechanisms. Herein, I will report the coordination homo- and co-polymerizations of diene 
monomes with olefin monomers like ethylene and styrene using the newly designed rare-earth 
metal complexes to afford copolymer products with unique structures and properties. The 
presence of comonomer such as E with respect of dienes, for example, not only change the 
competitive ratios of the involved monomers but also the regio- or steeo-selectivities, thus 
significantly changes of the microstructures and the final propeties rather different from the 
homopolymeric ones. The mechanisms will be elucidated via DFT simulation etc proofs. 
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ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

How to form well-defined heterogeneous catalysts for olefin polymerization 

Matthew Conley, matthew.conley@ucr.edu. University of California Riverside, Riverside, 
California, United States  

Heterogeneous catalysts produce a vast majority of polyolefin materials. These catalysts are 
often prepared as mixtures of a pre-catalyst, alkylaluminum, and high surface area oxide. This 
method is broadly effective for generation of early transition metal Zielger-like catalysts. This talk 
will address two challenges in the formation of these catalysts. The first part of this lecture will 
describe efforts to determine the structure of catalysts containing a metallocene, 
triisobutylaluminum, and aluminum oxide. This mixture engages in a complex array of reactions 
that ultimately results in ion-pairs that are very active in polymerizaiton reactions. The second part 
of this lecture will describe methods to heterogenize late transition metal catalysts onto oxides. 
Incompatibility of palladium catalysts with with alkylaluminum reagents, and solution to this 
challenge, will be discussed. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/12?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450632


45 
 

ACS Macro Letters/Biomacromolecules/Macromolecules Young Investigator Award: 
 

Synthesis and properties of polar functionalized polyolefins 

Changle Chen, changle@ustc.edu.cn. University of Science and Technology of China, Hefei, 
Anhui, China  

Polyolefin is the largest class of thermoplastic polymers, with wide applications and huge annual 
production. The introduction of even a small amount of polar functional groups into the polyolefins 
could excise great control over important material properties. As the most direct and economic 
strategy, the efficient copolymerization of olefin with polar functionalized monomers represents 
one of the biggest challenges in this field. This was also recognized as one of the last “holy grails” 
in this field. 

In this presentation, I want to discuss that some novel palladium and nickel catalysts that could 
copolymerize ethylene with a variety of polar monomers. The resulting polar functionalized 
copolymer materials (even at low polar monomer incorporation ratio) showed great improvements 
in surface and compatibilities properties (hydrophilicity, adhesion, dyeability, and compatibility 
with other types of polymers) induced through polar group incorporation as well as some custom-
made properties such as elastic, flameretardant, antibacterial, antioxidant, cross-linking, self-
healing, light response, dynamic cross-linking, and photodegradation properties. 

https://acs.digitellinc.com/acs/live/28/page/905/12?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450632


46 
 

  



47 
 

Circular Economy of Polymers: 
 
Tuesday, 08:00am - 12:00pm USA / Canada - Central - 
August 23, 2022 | Location: S104a (McCormick Place 
Convention Center) 
Dr. Dimitris I Collias, Organizer; Martin James, Organizer, 
Presider; Yujing Tan, Organizer 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Sustainability Theme: 
Sustainability in a Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3744159 - Triethyl amine-catalyzed glycolysis of PET: 
Kinetics and mechanism 
08:00am - 08:25am  
Robert Allen, Presenter; Julia Curley; Dr. Nicholas A. 
Rorrer; Bonnie Buss; Gregg Beckham; Sarah Hesse; 
Christopher Tassone; Avantika Singh; SriBala Gorugantu; 
Linda Broadbelt 
 
3726521 - Metal-based catalysis for a sustainable and 
circular plastics economy 
08:25am - 08:50am  
Mr Jack Mark Payne, Presenter; Emma Emanuelsson; 
Matthew Jones 
 
3731199 - Improving enzymatic depolymerization of PET 
via substrate pretreatment 
08:50am - 09:15am  
Allen Chang, Presenter; Akanksha Patel; Sarah Perry; Yahue 
Soong; Christian Ayafor; Dongming Xie; Hsi-wu Wong; 
Margaret sobkowicz 
 
3731794 - Recyclable functionalized alternating polyamide 
copolymers based on PETE decomposition products 
09:15am - 09:40am 
Taoguang Qu, Presenter; Paul A Rupar 
 
3741136 - Dual-functional polymeric additives for 
mechanical recycling of PET 
09:40am - 10:05am  
Guilhem De Hoe, Presenter; Yuyao Wang; Chloe Loveless; 
Michael Shaver; Michael Shaver 
 
Intermission - 10:05am - 10:20am 
 
3739538 - Ioniqa’s PET depolymerization process: Insights 
into process, impurity and feedstock challenges 
10:20am - 10:45am  
Mr. Fabian Wouters, M.Sc, Presenter; Alexander Wolters 
 
3742047 - Selective depolymerization of high Tc polymers 
by reactive distillation 
10:45am - 11:10am 
Connor Gallin, Presenter; Jeff Byers 

 
3733791 - Cascade degradation and upcycling of 
polystyrene waste to high-value chemicals 
11:10am - 11:35am  
Guoliang Liu, Presenter; Zhen Xu 
 
3734883 - Full circle polysiloxane depolymerization to 
cyclic monomers and back again 
11:35am - 12:00pm  
Joseph Furgal, Presenter; Buddhima Rupasinghe; Connor 
Owen 
 

Circular Economy of Polymers: 
Tuesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 23, 2022 | Location: S104a (McCormick Place 
Convention Center) 
Dr. Dimitris I Collias, Organizer, Presider; Martin James, 
Organizer; Yujing Tan, Organizer 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Sustainability Theme: 
Sustainability in a Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3734882 - Plastics deconstruction and upcycling in the 
bottle consortium 
02:00pm - 02:25pm 
Katrina Knauer, Presenter 
 
3744039 - Composite resins for the circular economy: From 
wind turbines to gummy bear candy and beyond 
02:25pm - 02:50pm  
Professor John R Dorgan, Presenter; Bin Tan 
 
3741508 - Upcycling of crosslinked polyesters via low-
energy transesterification reactions 
02:50pm - 03:15pm  
Grant Musgrave, Presenter; Chen Wang 
 
3742269 - Population balance models for polymer 
upcycling: Signatures of the mechanism in the molecular 
weight evolution 
03:15pm - 03:40pm  
Dr. Ryan Yappert, Presenter; Baron Peters 
 
3736360 - Poly(alkyl aldehyde)s: A new class of closed-loop 
recyclable plastics 
03:40pm - 04:05pm  
Kyle Nogales, Presenter; Scott Phillips 
 
Intermission - 04:05pm - 04:20pm  
 
3739028 - Sustainable solutions from annually renewable 
feedstocks 
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04:20pm - 04:45pm  
Erik Hagberg, Presenter 
3739901 - Life cycle assessment of novel circular polymer 
to replace polyurethane foam in specific application-based 
case studies 
04:45pm - 05:10pm  
Dr. Baishakhi Bose, Presenter; Nawa Baral; Jeremy 
Demarteau; Jay Keasling; Dr Brett Helms; Corinne Scown 
 
3739972 - Circular polydiketoenamines enabling mixed 
plastic recycling through variable rates of hydrolysis 
05:10pm - 05:35pm  
Jeremy Demarteau, Presenter; Alex Epstein; Kristin 
Persson; Dr Brett Helms 
 
3739597 - Metathesis cascade-triggered depolymerization 
of enyne self-immolative polymers 
05:35pm - 06:00pm  
Jingsong Yuan, Presenter 
 

Circular Economy of Polymers: 
Wednesday, 08:00am - 12:00pm USA / Canada - Central - 
August 24, 2022 | Location: S104a (McCormick Place 
Convention Center) 
Dr. Dimitris I Collias, Organizer; Martin James, Organizer; 
Yujing Tan, Organizer, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Sustainability Theme: 
Sustainability in a Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3743736 - "Be part of the solution: The NSF convergence 
acceerator" 
08:00am - 08:25am 
Linda Molnar, Presenter 
 
3742343 - Life cycle analysis and techno-economic 
assessment of polyurethane foam recycling 
08:25am - 08:50am 
Sabyasachi Das, Presenter; Jennifer Dunn 
 
3742601 - Withdrawn - 08:50am - 09:15am 
 
3734760 - Cleavable additives enable on-demand 
degradable non-aromatic polyurethanes 
09:15am - 09:40am  
Valerie Lensch, Presenter; Alayna Johnson; Yasmeen S. 
AlFaraj; Keith Husted; Jacob Brutman; Alaaeddin Alsbaiee; 
Laura Kiessling; Jeremiah Johnson 
 
3754865 - Synthesis and characterization of epoxy and 
polyol resins from renewable cardanol 
09:40am - 10:05am  
Marcellin Manzan Adjoumane, Presenter; Florentin 
Assanvo; Jackson Doe-Mensah; David Boa; Mark Driscoll 

Intermission - 10:05am - 10:20am 
 
3729538 - Copolymers for HDPE/iPP compatibilization 
10:20am - 10:45am  
Ting-Wei Lin, Presenter; Anne LaPointe; Geoffrey Coates 
 
3729197 - Withdrawn - 10:45am - 11:10am  
 
3743858 - Advanced classification of polyolefins through 
“smart” NIR by multimodal measurement correlations 
11:10am - 11:35am 
Shailja Goyal, Presenter; Tyler Martin; Peter Beaucage; 
Debra Audus; Sara Orski 
 
3744217 - Dissolution recycling of polyolefins: Phase 
behavior of polyolefins in alkane solvents 
11:35am - 12:00pm 
Amy Waun, Presenter; Dr. John Layman; Dr. Dimitris I 
Collias 
 

Circular Economy of Polymers: 
Wednesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 24, 2022 | Location: S104a (McCormick Place 
Convention Center) 
Dr. Dimitris I Collias, Organizer, Presider; Martin James, 
Organizer; Yujing Tan, Organizer 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Sustainability Theme: 
Sustainability in a Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3738588 - Sustainable material development 
02:00pm - 02:25pm 
Yuanqiao Rao, Presenter 
 
3731032 - Closed-loop recycling of polyindenedione 
derivatives for next-generation recyclable plastics 
02:25pm - 02:50pm 
Zitang Wei, Presenter; Letian Dou 
 
3739891 - DFT ring strain energy calculations of 
cyclopentene derivatives: Towards predictive design of 
chemically recyclable elastomers 
02:50pm - 03:15pm  
Brianna Coia, Presenter; Sarah Werner; Justin Kennemur 
 
3744017 - Degradable vinyl random copolymers via 
photocontrolled radical ring-opening cascade 
copolymerization 
03:15pm - 03:40pm 
Wenqi Wang, Presenter 
 
3739973 - Poly(trithiolanes): A unique class of chemically 
recyclable sulfur-containing polymers 
03:40pm - 04:05pm 
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Mariel Price, Presenter; Katherine Harry; Analiese 
Wiedenbeck; Analiese Wiedenbeck; Cameron Chrisman; 
Garret Miyake 
 
Intermission - 04:05pm - 04:20pm  
 
3741457 - Renewable and biodegradable thermoplastic 
polyurethanes 
04:20pm - 04:45pm  
Dr. Michael Burkart, Presenter 
 
3754296 - Pilot scale production of depolymerizable 
poly(phthalaldehyde)s using a cryogenic, continuous flow 
reactor 
04:45pm - 05:10pm 
Anthony Engler, Presenter; Jared Schwartz; Paul Kohl 

 
3750026 - Chemical recycling to monomer: 
Depolymerization of novel poly(trithiolanes) 
05:10pm - 05:35pm  
Analiese Wiedenbeck, Presenter; Mariel Price; Katherine 
Harry; Cameron Chrisman; Garret Miyake 
 
3754290 - Upcycling of high-performance polymers into 
vitrimers 
05:35pm - 06:00pm 
Ke Cao, Presenter; Md Arif Arifuzzaman; Sheng Zhao; Sirui 
Ge; Xiao Zhao; Dr. Pengfei Cao; Dr. Tomonori Saito 
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Circular Economy of Polymers: 
 

 
Triethyl amine-catalyzed glycolysis of PET: Kinetics and mechanism 

Robert D. Allen1,2, robert.allen@nrel.gov, Julia Curley1,2, Nicholas Rorrer1,2, Bonnie Buss1,2, 
Gregg Beckham1,2, Sarah Hesse3,2, Christopher J. Tassone3,2, Avantika Singh1,2, SriBala 
Gorugantu4,2, Linda J. Broadbelt4,2. (1) Sustainable Polymers, National Renewable Energy 
Laboratory, Golden, Colorado, United States (2) Bottle Consortium, Golden, Colorado, United 
States (3) Stanford Linear Accelerator Center, Menlo Park, California, United States (4) 
Northwestern University, Evanston, Illinois, United States  

PET and other related polyesters are nearly ideal polymer candidates for recycling and upcycling, 
given the extreme volumes of the material produced in forms ranging from transparent bottles to 
clothing, the reactive nature of the polyester polymer backbone and the potential complimentary 
nature of mechanical and chemical recycling. This paper focuses on one promising pathway to 
chemical recycling of PET, the volatile organic base-catalyzed glycolysis, invented by IBM 
Research and termed the VolCat process. In this work, we examine the kinetics and mechanism 
of the reaction using a combination of experimental and simulation techniques, including the role 
of the catalyst, the impact of the polymer morphology, particle size effects and the degradation of 
polymer molecular weight during the glycolytic depolymerization. In addition to in-depth 
characterization of the depolymerization, the techno-economics of the overall process will be 
described. 
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Circular Economy of Polymers: 

Metal-based catalysis for a sustainable and circular plastics economy 

Jack M. Payne1,3, jmp63@bath.ac.uk, Emma Emanuelsson2,4, Matthew Jones1,3. (1) Centre for 
Sustainable and Circular Technologies, Bath, United Kingdom (3) Chemistry, University of Bath, 
Bath, Bath and North East Somer, United Kingdom (4) Chemical Engineering, University of Bath, 
Bath, Bath and North East Somer, United Kingdom  

Plastic waste residing in either landfill or the natural environment currently outweighs all living 
biomass (4 Gtonnes), culminating in one of the great environmental challenges of the 21st 

century. Whilst compostable materials represent a possible solution to system leakage, a linear 
approach fails to capture embedded material value. Thus, the long-term future of the plastic 
economy relies on a shift to a circular model, with recycling a promising enabler. Industrially, 
mechanical recycling is primarily used. However, this method is limited by eventual material 
downcycling, which creates uncertainty surrounding long-term material value retention. A possible 
solution to this is chemical recycling. Most pertinent to this study is metal-mediated 
transesterification, although literature examples remain rare, particularly for emerging plastics 
such as poly(lactic acid) (PLA). 

Inspired by the aforementioned challenges and opportunities in the field, we report novel Zn(II)- 
and Mg(II)-complexes based on a simple tridentate {NNO} ligand. Their application to the catalytic 
production of PLA and degradation of various commercial polyesters is reported. A range of 
chemical upcycling strategies (e.g. alcoholysis, glycolysis and aminolysis) were employed to 
obtain a broad substrate scope. More specifically, the proposed talk/poster aims to highlight: 

1.) Rapid PLA methanolysis into methyl lactate (Me-LA), a high value green solvent, under mild 
conditions, culminating in one of the fastest systems reported to date. 

2.) A rare example of poly(ethylene terephthalate) (PET) glycolysis mediated by a discrete 
homogeneous metal-based catalyst, noting excellent activity and affording bis(2-
hydroxyethyl)terephthalate (BHET) in good yield. 

3.) The application of such catalysts to PET aminolysis and poly(caprolactone) (PCL) 
methanolysis for the first time, furnishing high value products. 

4.) The selective chemical recycling of a mixed PLA-PET feed on a multigram scale. 
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Circular Economy of Polymers: 
 

Improving enzymatic depolymerization of PET via substrate pretreatment 

Allen Chang1, allen.chang.93@gmail.com, Akanksha Patel1, Sarah Perry1, Yahue Soong2, 
Christian Ayafor2, Dongming Xie2, Hsi-wu Wong2, Margaret sobkowicz1. (1) Plastics Engineering, 
University of Massachusetts Lowell, Lowell, Massachusetts, United States (2) University of 
Massachusetts Lowell, Lowell, Massachusetts, United States  

Plastic waste pollution is an increasingly vital problem to remedy as generation of plastic 
continues to far outpace recovery and recycling efforts. Enzymatic depolymerization of plastics 
has drawn significant attention because of its potential as a low energy cost, environmentally 
friendly alternative to other recycling processes. Many efforts have been made to discover or 
improve upon the enzymes used in enzymatic depolymerization; however, few studies have 
examined ways to improve depolymerization by modifying the waste materials being recycled in 
creative, yet straightforward ways. In this study, post-consumer recycled poly(ethylene 
terephthalate) (RPET) flakes were pretreated via reactive extrusion prior to enzymatic 
depolymerization with leaf branch compost cutinase (LCC). A range of multifunctional polyols 
including glycerol (3 -OH), erythritol (4 -OH), and dextrose (5 -OH) were reactively extruded at 1, 
3, and 5 wt% with RPET, yielding extrudates exhibiting varied material properties. Most 
importantly, crystallinity and average molecular weight of polymers were modified. Low 
crystallinity substrates have been previously shown to depolymerize more efficiently than higher 
crystallinity materials of the same nature. The multifunctionality of the added polyols was 
expected to alter linear polyester chains into multiarm star polymers or low density network 
polyester materials. Modification of the substrate morphology allowed for improved enzyme 
activity and more efficient enzymatic depolymerization. 
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Circular Economy of Polymers: 
 

Recyclable functionalized alternating polyamide copolymers based on PETE 
decomposition products 

Taoguang Qu, tqu2@crimson.ua.edu, Paul Rupar. Department of Chemistry & Biochemistry, 
The University of Alabama, Tuscaloosa, Alabama, United States  

As the most abundant polyester plastic, PETE is commonly used in packaging and textiles. In this 
presented work, hydrolysis was employed for PETE wastes recycling, which resulting in partially 
degradation to oligomers, or complete degradation to terephthalic acid (TPA) and ethylene glycol 
(EG). Novel difunctional monomers were successfully prepared based on these PETE 
decomposition products, which allowing further reaction with comonomers to synthesize 
alternating polyamide copolymers. The introduction of special functional groups to polyamide is a 
valuable research field with the aim to further extend their property profiles. Encouragingly, our 
new developed method is particularly suitable for the facile synthesis of polyamide containing 
various functional groups and easy to scale up. Meanwhile, at the end of useful life, the 
degradation of these polyamide copolymers is also readily accessible since ester linkages are 
present in each repeating unit of the polymer backbone. 

 

 
 
Recyclable functionalized alternating polyamide copolymers based on PETE decomposition products 
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Circular Economy of Polymers: 

Dual-functional polymeric additives for mechanical recycling of PET 

Guilhem De Hoe, dehoe001@umn.edu, Yuyao Wang, Chloe Loveless, Michael P. Shaver. 
University of Manchester, Sustainable Materials Innovation Hub, Manchester, United Kingdom  

Mechanical recycling is the least energy intensive and most widely implemented means of 
recovering value from plastic waste. To ensure a more robust and efficient circular plastics 
economy, it is imperative that efforts to improve mechanical recycling continue. The associated 
challenges span many dimensions, including social (e.g. consumer behavior), infrastructural (e.g. 
waste collection), and technological (e.g. sorting and reprocessing). For reprocessing, a pivotal 
obstacle is degradation of the plastic during extrusion, as this can severely limit the quality of the 
obtained recyclate. The thermo-oxidative processes that cause this degradation can be ‘reversed’ 
or mitigated by using appropriate additives such as chain extenders or antioxidants, which 
effectively increase the number of recycles that a plastic can ultimately undergo. In this work, we 
demonstrate the synthesis of novel polymeric additives targeted toward mechanical recycling of 
condensation polymers, with particular focus on poly(ethylene terephthalate) [PET]. The 
polymeric additives are synthesized by free radical terpolymerization of antioxidant- and chain-
extender-containing monomers with styrene. By varying the monomer feed ratios, a suite of dual-
functional polymer additives were prepared and purified. The efficacy of these polymers was 
tested by mixing ~1 wt% of each with PET and subjecting this mixture to oscillatory shear 
rheology measurements over extended periods of time. The optimal candidates were then 
translated to extrusion trials with pre-extruded PET and actual post-consumer waste PET. The 
successful performance of these additives was assessed by subjecting the obtained recyclate to 
size exclusion chromatography, thermal characterization methods, and tensile testing. The 
performance of the novel additives was benchmarked against currently available commercial 
additives (chain extender or antioxidant). 
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Circular Economy of Polymers: 

Ioniqa’s PET depolymerization process: Insights into process, impurity and feedstock 
challenges 

Fabian Wouters, fwouters93@gmail.com, Alexander Wolters, a.wolters@ioniqa.com. Ioniqa 
Technologies, Eindhoven, Noord-Brabant, Netherlands  

Ioniqa Technologies is based in the Netherlands and is a scale-up company specialized in the 
chemical recycling of PET. Ioniqa’s patented catalyzed depolymerization process is specifically 
designed to upcycle post-consumer PET waste that is too contaminated for mechanical recycling. 
The developed depolymerization and purification process has been acknowledged by industry to 
produce the highest quality and purity of PET monomer. 

Recently, Ioniqa has built a 10kT/yr factory to demonstrate the functionality of their process on 
industrially representative scale. During this journey many technological challenges had to be 
solved. One of the main challenges in handling post-consumer waste, is the variation in feedstock 
quality and the presence of various contaminations. Examples of such types of contaminations 
are: larger polymer particles such as PE or PP, PET degradation products and finally, smaller 
molecules such as dyes or polymerization catalysts. Such contaminations can be released during 
the depolymerization and can influence the quality of the BHET product. Due to the nature of the 
glycolysis depolymerization reaction, impurities are also formed during the process when the PET 
is being broken down into its glycolyzed monomer. All these impurities and contaminations 
require a thorough purification process to produce polymer grade BHET product. 

Several years of research in feedstock analysis, impurity characterization, by-product formation 
and catalyst optimization have resulted in various adaptations into what has now become a 
successful production process. Ioniqa is confident with their process and is ready to share their 
insights. Details that will be presented will involve subjects such as PET recycling, glycolysis 
chemistry, feedstock impurities and how Ioniqa has managed to produce their high quality 
monomer. 

 

 
 
Figure 1: PET to BHET glycolysis reaction 
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Circular Economy of Polymers: 

Selective depolymerization of high Tc polymers by reactive distillation 

Connor Gallin, gallin.connor@gmail.com, Jeff A. Byers. Chemistry, Boston College, Chestnut 
Hill, Massachusetts, United States  

A closed loop cycle for polymer production and disposal is needed to handle the estimated half a 
billion metric tons a year of polymer that will be used by 2050. Current methods for polymer 
recycling are insufficient to meet this need. The ability to efficiently and selectively process mixed 
polymer waste is important to tackle this growing problem. We have recently discovered that the 
combination of a simple Lewis Acid and an additive amount of poly(ethylene glycol) under 
vacuum can readily and selectively depolymerize polyesters and polycarbonates with high ceiling 
temperatures (Tc) back to their constitute monomers. Quantitative recovery of the depolymerized 
monomer was demonstrated. Stereo-retentive depolymerization of poly(lactic acid) was also 
demonstrated using this system. The recovered monomers can be used without further 
purification to reproduce the original copolymer, closing the loop for polymer recycling. 
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Circular Economy of Polymers: 

Cascade degradation and upcycling of polystyrene waste to high-value chemicals 

Guoliang Liu, gliu1@vt.edu, Zhen Xu. Chemistry, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States  

Plastic waste represents one of the most urgent environmental challenges facing humankind. 
Upcycling has been proposed to solve the low profitability and high market sensitivity of known 
recycling methods. Existing upcycling methods operate under energy-intense conditions and use 
precious-metal catalysts, but produce low-value oligomers, monomers, and common aromatics. 
Herein, we report a tandem degradation-upcycling strategy to exploit high-value chemicals from 
PS waste with high selectivity. We first degrade PS waste to aromatics using UV light and then 
valorize the intermediate to diphenylmethane. Low-cost AlCl3 catalyzes both the reactions of 
degradation and upcycling at ambient temperatures under atmospheric pressure. The degraded 
intermediates can advantageously serve as solvents for processing the solid plastic wastes, 
forming a self-sustainable circuitry. The low-value-input and high-value-output approach is thus 
substantially more sustainable and economically viable than conventional thermal processes, 
which operate at high-temperature, high-pressure conditions and use precious-metal catalysts but 
produce low-value oligomers, monomers, and common aromatics. The cascade strategy is 
generalizable to other high-value chemicals (e.g., benzophenone, 1,2-diphenylethane, and 4-
phenyl-4-oxo butyric acid). The upcycling to diphenylmethane was tested at 1-kg laboratory scale 
and attested by industrial-scale techno-economic analysis, demonstrating sustainability and 
economic viability without government subsidies or tax credits. 
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Circular Economy of Polymers: 

Full circle polysiloxane depolymerization to cyclic monomers and back again 

Joseph C. Furgal, furgaljc@yahoo.com, Buddhima Rupasinghe, Connor Owen. Chemistry and 
Center for Photochemical Sciences, Bowling Green State University, Bowling Green, Ohio, 
United States  

This presentation will showcase our recent work on the development of circular methodologies for 
siloxane-based elastomers and resins. We have developed an efficient methodology to 
depolymerize polysiloxanes of various forms and cross-link densities to cyclic siloxanes of D4, D5, 
and D6 and then demonstrate their repolymerization back to polysiloxane structures. The 
depolymerization processes are conducted using a cocktail of fluoride ions from tetrabutyl 
ammonium fluoride or from photoreleasable flourides from phenacyl photocages in THF and other 
intermediate high swell solvents. The reactions are highly efficient with conversion to cyclomers 
taking place in as little as 30 min through an equilibration process, with quenching by CaCl<font 
size="1">2<font size="1"> </font></font>to remove active fluoride ions and lock the cyclic structures. The 
conversion to cyclomers are verified by 29Si NMR and GCMS spectroscopic techniques. 
Traditional methods such as triflic acid initiated polymerization have shown effective 
repolymerization to polysilxanes. 
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Circular Economy of Polymers: 

Plastics deconstruction and upcycling in the bottle consortium 

Katrina Knauer, kmk06f@gmail.com. BOTTLE, National Renewable Energy Laboratory, Golden, 
Colorado, United States  

The plastic pollution crisis is also an energy crisis with an estimated 20% of fossil fuel 
consumption going towards plastic production by the year 2050. Current polymerization 
processes do not offer much potential for efficiency improvements and energy demand reduction. 
Additionally, only mechanical recycling is employed at scale, which has limited life cycles due to 
contamination and degradation of the polymer. Thus, the most promising decarbonization options 
for the U.S. plastic industry involve system-wide changes and the integration of a bio-/waste-
based supply chain with a plastic-to-plastic circular economy loop based on innovative recycling 
techniques to recover the plastic waste. The Bio-Optimized Technologies to keep Thermoplastics 
out of Landfills and the Environment (BOTTLE™) Consortium is a U.S. Department of Energy 
multi-organization consortium focused on developing new chemical upcycling strategies for 
today's plastics and redesigning tomorrow's plastics to be recyclable-by-design. This talk will 
focus on BOTTLE research on plastic deconstruction and upcycling and various research projects 
in this space. 
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Circular Economy of Polymers: 

Composite resins for the circular economy: From wind turbines to gummy bear candy and 
beyond 

John R. Dorgan, jd@msu.edu, Bin Tan. Chemical Engineering and Materials Science, Michigan 
State University, East Lansing, Michigan, United States  

Human beings are intrinsic to the global carbon cycle so economic circularity will require 
unbiased interconversion of carbon between materials, fuels, and food. In this work, a recyclable 
polymer resin suitable for composites manufacturing that can be partially converted into an edible 
food ingredient is demonstrated. 

Present generation plastics and composites have concerning sustainability metrics including high 
embedded energy and associated greenhouse gas emissions, low recyclability rates, and 
generation of microplastics pollution. Long fiber composite materials are notoriously difficult to 
recycle but are critical for wind turbine, lightweight vehicle, and other sustainable technologies. 
An economically viable, fully recyclable, composite resin consisting of biobased polylactide (PLA) 
dissolved in methyl methacrylate (MMA) is demonstrated. Physical properties of thermoplastic 
composites produced from the reclaimed resin show true “turbine-to-turbine” recycling is possible. 
Various end-of-use options are established; regrinding of thermoplastic composites produces 
short fiber moldable materials. Base catalyzed digestion of either thermoplastic or thermosetting 
resins produces poly(methyl methacrylate) or the superabsorbent poly(methacrylic acid). 
Distillation of the digestate produces methanol, water, and food grade potassium lactate; the 
resulting lactate has been incorporated into gummy bear candies and consumed by the 
presenting author. Judicious formulation of polymer resins enables complete circularity in low-
embedded energy materials; exploitation of triggerable degradation provides varied and intriguing 
end-of-use recycling options. 

 
Judicious formulation of polymer resins enables complete circularity; triggerable degradation provides 
varied and intriguing end-of-use recycling options.  
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Circular Economy of Polymers: 

Upcycling of crosslinked polyesters via low-energy transesterification reactions 

Grant Musgrave, grant.musgrave@utah.edu, Chen Wang. University of Utah, Salt Lake City, 
Utah, United States  

Fiber-reinforced composites (FRC) are widely used in aerospace, automotive, and wind energy 
applications due to their high strength to weight ratios. Once these composite materials have 
reached the end of their lifespan, reclaiming the fiber or recycling the thermosetting polymer is 
difficult. Crosslinked thermosetting polymers are rarely recycled due to harsh conditions that are 
generally required to depolymerize their stable networks. The high temperature and pressures, as 
well as the harsh solvents needed to degrade the composite, do not keep the fiber intact. Here, 
we leverage low-energy catalytic transesterification reactions to design novel recyclable-by-
design crosslinked polyesters. These polyesters can be selectively upcycled back into monomers 
while also keeping the fibers intact for reuse. This transesterification reaction is catalyzed by 
several non-toxic and inexpensive salts, which degrade the crosslinked polymer at ambient 
conditions. We design the monomers with the same core structure, such as aromatic, cyclic, or 
linear aliphatic structures, allowing the depolymerization to yield fewer products — minimizing 
separation and purification. We found that the aromatic system degraded in stagnant methanol 
within 24 hours at ambient conditions. We also used different alcohols in place of methanol to 
generate monomers with varying functional groups, increasing the resin's end-of-life possibilities. 
Our research demonstrates a recyclable-by-design high-strength crosslinked thermosetting 
polymer that can be upcycled by green chemistry through ambient conditions. 
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Circular Economy of Polymers: 
 

Population balance models for polymer upcycling: Signatures of the mechanism in the 
molecular weight evolution 

Ryan Yappert, yappert2@illinois.edu, Baron Peters. Chemical and Biomolecular Engineering, 
University of Illinois Urbana-Champaign, Urbana, Illinois, United States  

Chemical and catalytic upcycling processes could help to realize a circular plastics economy, but 
current models for testing mechanistic hypotheses and designing catalysts remain primitive. This 
work shows how proposed catalytic mechanisms can be incorporated into population balance 
models to predict the time evolution of molecular weight distributions. We consider models for 
homogeneous and heterogeneous catalysts, including catalysts that cut at random locations, 
catalysts that cut at chain ends, and catalysts that incorporate processive motifs. We develop 
solutions to the models, illustrate the effect of adsorption parameters on the evolving molecular 
weight distribution, identify signatures of heterogeneous mechanisms, and provide a framework 
for analysis of experimental data to obtain underlying catalytic rate parameters. 
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Circular Economy of Polymers: 

Poly(alkyl aldehyde)s: A new class of closed-loop recyclable plastics 

Kyle Nogales, kylenogales@boisestate.edu, Scott Phillips. Materials Science and Engineering, 
Boise State University, Boise, Idaho, United States  

This presentation will describe a new class of closed-loop recyclable self-immolative polymers 
that undergo complete, rapid depolymerization in the solid-state. Self-immolative poly(alkyl 
aldehyde)s are synthesized efficiently (~60% yields) using anionic polymerization, which provides 
access to polymers of a desired length, with accessible lengths ranging from short (Mn value of 2 
kDa) to long polymers (Mn value of 2,000 kDa). The physical and thermal properties of the 
polymers are selectively tuned by choice of the aldehyde monomer, and the resulting polymers 
depolymerize within minutes when the end-cap (i.e., detection unit) is cleaved from the polymer in 
response to a specific applied signal. Signals that induce complete head-to-tail depolymerization 
include base (with a hydrogen end-cap), palladium(0) (with an Alloc end-cap), and fluoride (silyl 
ether end-cap). Poly(alkyl aldehyde)s also depolymerize readily in the solid-state when heated 
above the degradation temperature of 150 °C, enabling direct low-energy recycling of polymeric 
materials by converting plastics to monomers without first dissolving the plastic. In addition, our 
polymers have mechanical performance similar to that of traditional plastics, thus poly(alkyl 
aldehyde)s show promise as a replacement for current plastics in many single-use applications. 
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Circular Economy of Polymers: 

Sustainable solutions from annually renewable feedstocks 

Erik C. Hagberg, erik.hagberg@adm.com. Archer Daniels Midland Co, Decatur, Illinois, United 
States  

At ADM, we have combined our core agricultural processing infrastructure with the right 
transformational technology to develop a portfolio of sustainable solutions to enable the circular 
economy. We have previously demonstrated the use of annually renewable feedstocks to reduce 
the greenhouse gas footprint of commodity chemicals. In one example, we have commercialized 
a process to convert glycerol to propylene glycol with a 60% reduction in the green house gas 
footprint compared to the traditional petrochemical process. We have also demonstrated how the 
inherent functionality of our feedstocks can be leveraged to access new high performance 
monomers such as 2,5-dimethyl furandicarboxylate (FDME). This new molecule can be used to 
make high strength, high barrier polyesters and polyamides enabling applications ranging from 
lightweight, recyclable packaging to next generation materials for the automotive industry. 
Numerous unmet needs in performance and sustainability remain to be addressed across the 
chemical and plastics industry. Here we will discuss current initiatives to develop new sustainably 
sourced materials to address these challenges and the development the circular economy. 
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Circular Economy of Polymers: 

Life cycle assessment of novel circular polymer to replace polyurethane foam in specific 
application-based case studies 

Baishakhi Bose1, bbose@lbl.gov, Nawa Baral1, Jeremy Demarteau1, Jay D. Keasling1,2, Brett 
Helms1, Corinne D. Scown1,3. (1) E O Lawrence Berkeley National Laboratory, Berkeley, 
California, United States (2) University of California Berkeley, Berkeley, California, United States 
(3) Joint BioEnergy Institute, Berkeley, California, United States  

Steadily increasing demand for plastics has fueled a global environmental crisis, resulting in 
growing need for space in landfills, accumulation of microplastics in the environment, and 
greenhouse gas (GHG) emissions from petrochemical precursors productions of these plastics. 
Most methods for recycling plastics are hindered by contamination, which limits the quality of the 
final product. Chemical depolymerization, however, has the potential to recover monomers and 
remove flame retardants, food residues, and other problematic contaminants. Polydiketoenamine 
(PDKs) are a class of next-generation polymers that can be chemically recycled to yield 
monomers of virgin quality, at a lower energy use than that required for common commodity 
polymer recycling. Additionally, PDKs can be selectively recovered from mixed-polymer waste, 
which make them attractive for applications where plastic separation is a barrier to recycling. In 
this presentation, application specific case studies will be discussed where the impact of 
replacing non-recyclable polyurethane with circular PDK is investigated. Factors influencing 
success of infinite-loop recycling of PDK will be highlighted, which have to be addressed before 
circular economy of plastics becomes a reality. Since the bedding and automotive sectors are two 
largest end-use industries of polyurethane in the United States, mattresses and automobiles will 
be explored as case studies. Analysis shows that cumulative GHG emissions of circular PDKs 
are approximately half of those obtained for scenarios considering polyurethane. However, the 
extent of circularity attained is dependent on several factors, including take-back systems, sorting 
process executed at the end-of-life of products. This work also emphasizes the significance of life 
cycle assessment in the early-stage development of circular polymers to facilitate the transition of 
bench science technology to application at scale. 

Life cycle of circular PDK  
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Circular Economy of Polymers: 

Circular polydiketoenamines enabling mixed plastic recycling through variable rates of 
hydroysis 

Jeremy Demarteau1, jdemarteau@lbl.gov, Alex Epstein1, Kristin Persson1,2, Brett Helms1. (1) E 
O Lawrence Berkeley National Laboratory, Berkeley, California, United States (2) University of 
California Berkeley, Berkeley, California, United States  

Mixed plastics encountered in automotive or packaging sectors represent a real challenge for 
recycling at end-of-life. Here, we provide a circular system for the recycling of mixed-polymers by 
controlling the hydrolysis rates of polydiketoenamines (PDKs) with the molecular tuning of the 
polymer microstructure and a regulation of the temperature (Figure 1). Spatio-temporal control on 
PDK chemical recycling was realized on mixed-PDK laminates, composites and bonded 
assemblies, enabling the recovery of pure monomers and additives at every step of the process. 
We show by using small molecule analogues of the polymer, we may understand acid-catalyzed 
PDK depolymerization through (1) a computational study of the energetic barrier of the rate 
limiting step and (2) an experimental validation of the diketoenamine bond hydrolysis rates. The 
temperature dependency of the hydrolysis of different PDK variants opens new opportunities for 
associating mixed reusable feedstocks and sustainable manufacturing. 
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Circular Economy of Polymers: 

Metathesis cascade-triggered depolymerization of enyne self-immolative polymers 

Jingsong Yuan, yuanjc@bc.edu. Chemistry, Boston College, Chestnut Hill, Massachusetts, 
United States  

Self-immolative polymers (SIPs) are promising materials due to their unique head-to-tail 
depolymerization ability in response to external stimuli. However, most of SIPs are highly labile to 
acidic or basic conditions for their nucleophilic/anionic depolymerization mechanisms. Herein, a 
novel class of enyne self-immolative polymers (SIPs) capable of metathesis cascade-triggered 
depolymerization is reported. Studies on model compounds established 1,6- enyne structures for 
efficient metathesis cascade reactions. SIPs incorporating the optimized 1,6-enyne motif were 
prepared via both iterative exponential growth and polycondensation approaches. These SIPs 
demonstrated excellent stability in strong acid, base, nucleophiles, or at elevated temperatures, 
and can undergo efficient and complete depolymerization once triggered by a metathesis 
catalyst. Further studies revealed that introducing a terminal alkene to the chain end of the enyne 
SIPs improved the depolymerization efficiency, and established their potential as stimuli-
responsive materials. 
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Circular Economy of Polymers: 

"Be part of the solution: The NSF convergence acceerator" 

Linda Molnar, lmolnar@nsf.gov. National Science Foundation, Alexandria, Virginia, United 
States  

Today's grand challenges will not be solved by one discipline working alone. Grand challenges 
require convergence. The goal of the NSF Convergence Accelerator is to accelerate solutions 
toward societal impact. Defining characteristics include the following: use-inspired research, 
multidiscipolinary teams, larger national societal scale and diverse partnerships between industry, 
nonprofits, and academia. Our latest funding opportunity, announced by NSF Dear Colleague 
Letter NSF 22-036, includes Track I: Sustainable Materials for Global Challenges 

The objective of the NSF Convergence Accelerator's Track I: Sustainable Materials for Global 
Challenges will be to converge advances in fundamental materials science with materials design 
and manufacturing methods in an effort to couple their end-use and full life-cycle considerations 
for environmentally- and economically-sustainable materials and products. This convergent 
research track topic was based on the results of NSF-funded community workshops, such as 
Accelerating Translational Materials R&D for Global Challenges and Socioresilient Infrastructure: 
Precision Materials, Assemblages, and Systems. Broad topics within this track may include – but 
are not limited to – the ones listed below. 

Materials research data-sharing principles and infrastructure (Materials Informatics); making 
materials knowledge usable in design and manufacturing, and for all key stakeholders; and 
software and tools to enable decision making across the supply chain to support improvements in 
systems-level analysis packages. 

Critical materials and manufacturing processes, such as microelectronics and their components; 
solutions for sustainable polymers in areas of high unmet need such as healthcare and 
packaging; and commercially-viable materials for sustainable clean energy (e.g., batteries, 
photovoltaics, wind turbines, hydrogen) and transport. 

Full life cycle and sustainability "Systems Thinking" in materials design including the construction 
of inclusive, large-scale partner ecosystems and education/workforce development for 
sustainable design that is connected to opportunities in industry. Education (for and as) 
infrastructure, including scaling of innovative curricula and training for inclusive sustainable 
infrastructure design and job creation. This could include community/citizen science projects for 
socio-resilient infrastructure such as housing for displaced persons that is resilient to changing 
weather patterns. 
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Circular Economy of Polymers: 

Life cycle analysis and techno-economic assessment of polyurethane foam recycling 

Sabyasachi Das, das.sabyas@gmail.com, Jennifer Dunn. Chemical Engineering, Northwestern 
University, Evanston, Illinois, United States  

Polyurethanes account for 31% of the thermoset polymers in industry. Thermoset polymers being 
chemically cross-linked are difficult to recycle. Current methods of recycling polyurethane (PU) 
foams like mechanical methods and chemical recycling can only be regarded as downcycling. A 
potential approach for polyurethane foam upcycling is via the formulation of covalent adaptable 
networks (CANs). Crosslinked post-consumer PU foams may be reprocessed via the introduction 
of a carbamate exchange catalyst, followed by melt processing at high temperatures. In this work, 
we perform a full-scale life cycle assessment of this PU recycling process and compare it to 
conventional route of vast majority polyurethanes in the U.S., that end up in landfills. The 
investigated impact categories included GHG emissions, energy intensity and water consumption. 
Such an analysis would help to quantify the advantages of circularity in polymers over 
conventional disposal such as landfill/incineration. Additionally, an economic analysis was also 
performed comparing this recycling method to the procurement of conventional PUs. 

 
System boundary diagram for LCA of polyurethane recycling process 
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Circular Economy of Polymers: 

Cleavable additives enable on-demand degradable non-aromatic polyurethanes 

Valerie Lensch1, vlensch@mit.edu, Alayna M. Johnson1, Yasmeen S. AlFaraj1, Keith E. Husted1, 
Jacob Brutman2, Alaaeddin Alsbaiee2, Laura L. Kiessling1, Jeremiah A. Johnson1. (1) Chemistry, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (2) BASF 
Corp, Wyandotte, Michigan, United States  

Crosslinked polymers, or thermosets, comprise approximately 20 percent of all plastics 
manufactured globally. In most cases, the chemical crosslinks that provide thermosets with their 
desirable shape retention, mechanical performance, and thermal stability come at the cost of 
reprocessability and degradability, ultimately contributing to the buildup of plastic waste. 
Polyurethanes (PUs) are one of the largest classes of thermosets produced, with applications 
spanning coatings, adhesives, composites, and foams. Unlike typical thermosets, the most 
common PUs are derived from aromatic diisocyanates crosslinked with alcohol-bearing, low-Tg 
polymers (polyols); these materials have an inherent thermal degradability and reprocessability 
enabled by the equilibrium between free isocyanates, alcohols, and urethane (carbamate) 
linkages. However, for certain high-performance applications that demand greater thermal 
stability, photostability, and optical clarity, aromatic isocyanates must be replaced with aliphatic 
variants. These non-aromatic PU materials are much less amenable to reprocessing and 
generally cannot be deconstructed to useful products due to decomposition at the higher 
temperatures required to induce exchange of the less reversible alkyl carbamate linkages. We 
have recently developed a simple “drop-in” additive strategy to imbue non-aromatic PU 
thermosets with deconstructability and reprocessability at low additive loading. A small library of 
bifunctional cleavable comonomers was designed, synthesized, and introduced at variable 
loading to polyurethane formulations to generate new crosslinked polyurethane thermosets. The 
cleavable monomer bonds were shown to be chemoselectively deconstructable under mild 
conditions and could be used to yield re/up-cyclable PU network fragments for downstream 
applications. 
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Circular Economy of Polymers: 

Synthesis and characterization of epoxy and polyol resins from renewable cardanol 

Marcellin Manzan M. Adjoumane1,2, mmadjoum@syr.edu, Florentin Assanvo2, Jackson Doe-
Mensah1, David Boa2, Mark Driscoll1. (1) Chemistry, SUNY College of Environmental Science 
and Forestry, Syracuse, New York, United States (2) Sciences Fondamentales Appliquées, 
Universite Nangui Abrogoua, Abidjan, Lagunes, Côte d'Ivoire  

Cardanol is a naturally occurring phenol obtained by extraction and purification of Cashew Nut 
Shell Liquid (CNSL). It is a naturally occurring phenol that is substituted in meta position by a C15 
alkyl chain bearing unsaturations. Epoxidized cardanol (EC) was obtained by a two-step 
epoxidation. An intermediate was first synthesized using Epichlorohydrin to afford a nucleophilic 
substitution of phenolic bonds. The second step was performed by an oxidation reaction with m-
CPBA. Cardanol polyol (CP) was then obtained by base-catalyzed ring-opening of EC. The 
effectiveness of the synthesis was confirmed by Fourier transform infrared spectroscopy (FTIR) 
followed by Proton and COSY Nuclear Magnetic Resonance spectroscopy (NMR). The obtained 
products are promising candidates for various applications including the synthesis of Bisphenol A-
free epoxy resins and more hydrophobic polyurethanes. 
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Circular Economy of Polymers: 

Copolymers for HDPE/iPP compatibilization 

Ting-Wei Lin, tl654@cornell.edu, Anne LaPointe, Geoffrey W. Coates. Chemistry and Chemical 
Biology, Cornell University, Ithaca, New York, United States  

High-density polyethylene (HDPE) and isotactic polypropylene (iPP) are two of the world’s most 
common commodity plastics. However, recycling of these two plastics is challenging, as that 
these two plastics cannot be easily separated. Despite their similar chemical compositions, 
HDPE/iPP blends have poor mechanical properties. To address the situation, methods to 
efficiently blend these two plastics using compatibilizers have been explored. To this end, we 
synthesized well-defined HDPE/iPP copolymers of various architectures and microstructures by 
applying state-of-the-art pyridoamidohafnium catalysts for olefin polymerization. We then tested 
their capability as compatibilizers for HDPE/iPP blends. These copolymers displayed excellent 
compatibilization efficacies towards HDPE/iPP blends. At low loadings (1 wt%) of the 
compatibilizers, the tensile properties of HDPE/iPP blends are significantly improved. These 
compatibilizers enable a promising strategy for improving end-of-life of the most commonly used 
commodity plastics. 
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Circular Economy of Polymers: 

Advanced classification of polyolefins through “smart” NIR by multimodal measurement 
correlations 

Shailja Goyal1,2, shailja.goyal@nist.gov, Tyler Martin2, Peter Beaucage2, Debra Audus2, Sara V. 
Orski2. (1) Georgetown University, Washington, District of Columbia, United States (2) National 
Institute of Standards and Technology, Gaithersburg, Maryland, United States  

Reuse of post-consumer polyolefins in high value applications is a crucial step towards circular 
economy as they contribute to more than 60% of global plastic production annually. Currently, 
near infrared (NIR) spectroscopy is the industry standard for sorting of mixed plastic wastes. NIR 
is a rapid and non-destructive technique that can be used to fingerprint the different polymer 
types. However, NIR fails to provide any insights about the chain composition, conformation or 
topology of polyolefins. The molecular weight, branching distribution, thermal properties, and 
comonomer content are important variables that affect the final recyclate properties and its 
compatibility with the virgin resin. High temperature chromatography, differential scanning 
calorimetry, and scattering measurements such as small angle x-ray scattering (SAXS) are too 
slow to find application in large volume commercial recycling facilities. To address this challenge, 
we have leveraged the limited chemistry of polyolefins and correlated the structural information 
from these slower measurement techniques to NIR fingerprints through machine learning (ML) 
models. We have developed a library of these measurements for various classes of polyolefins to 
provide fidelity to the ML models. Ultimately, we aim to transmutate IR chemical signatures to 
properties such as molar mass, branching content and melting temperature for “smarter” NIR 
based classification of polyolefins. We will make these FAIR datasets and models available in the 
public domain to foster development of improved commercial algorithms for advanced 
classification of polyolefin based on chemical and physical properties. 
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Circular Economy of Polymers: 

Dissolution recycling of polyolefins: Phase behavior of polyolefins in alkane solvents 

Amy E. Waun, waun.ae@pg.com, John Layman, Dimitris I. Collias. Procter and Gamble, West 
Chester, Ohio, United States  

Consumers increasingly expect and demand sustainable products without trade-offs in 
performance or cost. Concerned companies, like P&G, have established long-term sustainability 
goals that include the use of large percentages of recycled resins in their products and 
packaging. To satisfy consumers’ expectations and achieve companies’ goals, P&G has 
developed a novel purification technology that converts contaminated recycled polyolefins (PP 
and PE) into virgin-like resins. 

The proprietary technology is based on the use of an alkane solvent at elevated temperature and 
pressure, and a novel combination of standard chemical engineering unit operations, such as 
liquid–liquid extraction, sedimentation, size exclusion and adsorbent filtrations, and 
devolatilization. These processes purify the recycled polyolefins via removal of odor, volatile 
organic chemicals, and other organic and particulate contaminants and additives. One of the key 
components of the overall dissolution technologies is the phase behavior of polyolefins in alkane 
solvents, which will be discussed extensively in this presentation. 
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Circular Economy of Polymers: 

Sustainable material development 

Yuanqiao Rao, yrao@dow.com. Core R&D, Dow Chemical Co Collegeville, Collegeville, 
Pennsylvania, United States  

As one of the largest materials companies, Dow has set ambitious goals to deliver a sustainable 
future for the world through our material science expertise and collaborations with universities 
and business partners. Dow’s sustainability activities include three pillars: circular economy, 
climate protection, and safe materials. In this talk, we present new products and capabilities to 
help sustainable material development. We will share our progress in enabling the reuse and 
upcycling of post-consumer recycled plastics (PCR), increasing the use of biopolymers, and 
creating biodegradable products to replace products of microplastics concern. We will also 
highlight our collaboration with universities to advance critical chemical recycling challenges. 
Three key advances that will be discussed are understanding of how contaminants affect the 
mechanical properties of PCR containing blown film, new dispersion technology to convert any 
materials to water-based materials, and new material design principles to adopt natural materials 
for products. All of these efforts are accelerating our drive towards a more sustainable future. 
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Circular Economy of Polymers: 

Closed-loop recycling of polyindenedione derivatives for next-generation recyclable 
plastics 

Zitang Wei, wei0616@purdue.edu, Letian Dou. Chemical Engineering, Purdue University, West 
Lafayette, Indiana, United States  

Plastics play crucial rules in almost every aspect of life. Unique properties of plastics like 
chemical and light resistant, strong, moldable, and low cost make plastic materials useful in many 
aspects of our global society. However, largely relying on feedstock resources like fossil fuels, 
plastics production is not sustainable. Thus, plastic recycling could be an efficient alternative to 
save feedstock resources as well as to reduce production cost. 

Recently, a series of polymer materials synthesized via topochemical polymerization are 
considered as strong candidates for next generation recyclable plastics. Topochemical 
polymerization has high efficiency and environment-friendly features like solvent-free and 
catalyst-free reaction conditions, high reaction yield without side reactions, and atom economy. 
Yet, there exist few studies on depolymerizing and recycling those polymers. We discovered that 
topochemically polymerizable polyindenedione derivative [2,2'-Bi-1H-indene]-1,1'-dione-3,3'-diyl 
dialkylcarboxylate (polyBIT) can be depolymerized by suspending the polymer single crystals in 
anisole and heated at 155 °C for 20 minutes under Argon protection. Followed by a flash column 
chromatography of heated solution, the polymers can be fully recovered to monomer quantitively. 
Additionally, to further fabricate the one-dimensional polymer single crystals, the material is 
suspended in acetone and ultrasonicated to dissemble the polymer chains. Then, the suspension 
is filtered via nylon membrane to obtain free-standing films. And the depolymerization test on the 
thin films showed a quantitative recycle yield like polyBIT single crystals. This work provides a 
unique strategy of solving plastic recycle issue by novel molecular design, careful single crystal 
analysis and innovative material processing. 

 
a. Depolymerization of polyBIT derivatives. b. Photographs of polyBIT-8 crystals and recovered BIT-8 
monomers; c. polyBIT-8 free-standing thin film  

https://acs.digitellinc.com/acs/live/28/page/905/12?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse450632


77 
 

Circular Economy of Polymers: 

DFT ring strain energy calculations of cyclopentene derivatives: Towards predictive 
design of chemically recyclable elastomers 

Brianna M. Coia, bc19i@my.fsu.edu, Sarah E. Werner, Justin Kennemur. Department of 
Chemistry and Biochemistry, Florida State University, Tallahassee, Florida, United States  

Equilibrium ring opening metathesis polymerization (ROMP) of low strained cycloolefins is 
opportunistic for the development of novel materials capable of chemical recycling to monomer 
(CRM). The small enthalpic driving force (ΔHp), or release of ring strain energy (RSE), of low 
strained monomers (RSE 5 kcal/mol) such as cyclopentenes creates an increased sensitivity to 
reaction conditions including temperature and concentration. While the low strain and ROMP 
sensitivity are typically viewed as an antagonist to polymerization, success affords new materials 
poised for effective depolymerization via ring closing metathesis (RCM). Therefore, these low 
RSE starting materials are ideal for chemical recycling to monomer and create a potential route 
towards a circular polymer economy. Furthermore, understanding RSE and other important 
energetics in the ROMP and CRM of low stained systems can help pinpoint promising new 
monomers and materials prior to laboratory execution. Density functional theory (DFT) can 
facilitate and accelerate experimental design and execution to fabricate novel materials by 
providing valuable insight into understudied systems such as cyclopentenes / polypentenamers. 
Accurate RSE predictions using DFT can infer the potential for a monomer to undergo CRM 
concomitant to necessary reaction conditions for leveraging equilibrium ROMP/RCM. Herein, the 
development of an easily implemented computational approach to screen a monomer’s potential 
for CRM will be discussed to reduce the time, cost, waste, and effort necessary to research new 
materials towards a more circular polymer economy. 
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Circular Economy of Polymers: 

Degradable vinyl random copolymers via photocontrolled radical ring-opening cascade 
copolymerization 

Wenqi Wang, wangchp@bc.edu. Chemistry, Boston College, Chestnut Hill, Massachusetts, 
United States  

Degradable vinyl polymers via radical ring-opening polymerization have become a promising 
solution to the widespread use of non-degradable vinyl plastics. However, achieving tunable and 
even distribution of labile functional groups in the backbone of degradable vinyl polymers remains 
challenging. Here, a general approach to the synthesis of degradable vinyl random copolymers 
via photocontrolled radical ring-opening cascade copolymerization (rROCCP) is developed. The 
rROCCP of macrocyclic allylic sulfones and acrylates or acrylamides mediated by visible light at 
ambient temperature achieved near-unity comonomer reactivity ratios over the entire range of the 
feed compositions. Such a powerful approach provides degradable vinyl random copolymers with 
comparable material properties to their non-degradable counterparts. Experimental and 
computational evidence also revealed an unusual reversible inhibition of chain propagation by in 
situ generated sulfur dioxide (SO2), which was successfully overcome by reducing the solubility of 
SO2 during polymerization. 
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Circular Economy of Polymers: 

Poly(trithiolanes): A unique class of chemically recyclable sulfur-containing polymers 

Mariel Price, marieljp75@gmail.com, Katherine Harry, Analiese Wiedenbeck, Cameron 
Chrisman, Garret Miyake. Chemistry, Colorado State University, Fort Collins, Colorado, United 
States  

Plastic is an essential material in modern society. Unfortunately, most plastics are difficult to 
recycle efficiently and, therefore, end up overwhelming landfills and leaching into the 
environment. This work is centered around the development of a new class of chemically 
recyclable polymers (CRPs) from 1,2,3-trithioanes called poly(trithiolanes). Importantly, the 
chemical structure of poly(trithiolanes) lends them the potential to be recycled an infinite number 
of times and they are unique from other CRPs because of their high sulfur content. The 
development of a new platform of sulfur containing polymers represents an opportunity to utilize 
sulfur, an abundant and inexpensive byproduct of petroleum refining. Additionally, sulfur 
containing polymers are known to have unique properties such as high refractive indices, high 
biological activity, and good adhesion to heavy metals. As such, the development of 
poly(trithiolanes) as CRPs is interesting in the context of specialty polymers and is an important 
field of research from the perspective of a circular materials economy and resource utilization. 
This talk will address new methodologies for the polymerization of both novel and previously 
investigated 1,2,3-trithiolanes and crosslinked materials from such. Additionally, the impacts of 
polymer structure on the thermal and mechanical properties of poly(trithiolanes) will be discussed. 
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Circular Economy of Polymers: 

Renewable and biodegradable thermoplastic polyurethanes 

Michael D. Burkart, mburkart@ucsd.edu. Chemistry and Biochemistry, University of California 
San Diego, La Jolla, California, United States  

In the transition to renewably-sourced, biodegradable polymers, preparation of low viscosity 
polyester-polyols has posed a challenge for renewable polyurethane development. Low viscosity 
polyols not only reduce the requirement for high process temperatures but also decrease 
manufacturing time. We will present recent efforts to incorporate increasing ratios of bio-based 
monomers into renewable polyurethanes to prepare biodegradable thermoplastic polyurethanes 
(TPUs), with a focus on decreasing polyol viscosity and preparing performance-enhanced 
properties and biodegradation. The TPU materials developed displayed good physical and 
mechanical properties and also exhibited an excellent biodegradation under compost and soil 
environmental conditions. 
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Circular Economy of Polymers: 

Pilot scale production of depolymerizable poly(phthalaldehyde)s using a cryogenic, 
continuous flow reactor 

Anthony C. Engler, aengler3@gatech.edu, Jared M. Schwartz, Paul Kohl. Chemical and 
Biomolecular Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States  

Poly(phthalaldehyde) and its copolymers are metastable polymers that have been shown to 
rapidly depolymerize from the solid state back into its constituent monomers, a capability made 
possible through their favorable polymerization thermodynamics. This depolymerization upon 
triggering makes it well suited as a chemically recyclable polymer, sacrificial materials for 
lithography and semiconductor manufacturing, or fabricating stimuli-responsive devices. The 
manufacturing of the materials using a continuous flow reactor provides consistency and 
scalability towards large volumes that is not as easily afforded from batch production. The 
feasibility of continuous flow processes for low ceiling temperature polymerizations on relatively 
large scales is demonstrated for several hours to produce hundreds of grams of metastable 
polymer. 
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Circular Economy of Polymers: 

Chemical recycling to monomer: Depolymerization of novel poly(trithiolanes) 

Analiese Wiedenbeck, anwiede9@colostate.edu, Mariel Price, Katherine Harry, Cameron 
Chrisman, Garret Miyake. Chemistry, Colorado State University, Fort Collins, Colorado, United 
States  

The exigence of the plastic waste crisis cannot be overstated. Plastic waste accumulation is 
largely driven by the chemical recalcitrance of the polymers that most plastics are made from. 
These polymers cannot be readily depolymerized into their monomeric building blocks, resulting 
in their poor recyclability which has led to exorbitant plastic accumulation in landfills and in the 
environment. Chemically recyclable polymers (CRPs) are one of the emerging solutions to this 
crisis. CRPs can be readily depolymerized into their monomeric building blocks then 
repolymerized into a new pristine polymer. Plastics made from CRPs can live in a circular 
economy, effectively eliminating the need for the generation of new plastics. This work focuses, 
specifically, on the depolymerization of novel trithiolane polymers. This talk will highlight the 
development of both chemical and thermal methods for poly(trithiolane) depolymerization. 
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Circular Economy of Polymers: 

Upcycling of high-performance polymers into vitrimers 

Ke Cao1, kecaogod@vt.edu, Md Arif Arifuzzaman1, Sheng Zhao2, Sirui Ge2, Xiao Zhao1, Pengfei 
Cao1, Tomonori Saito1. (1) Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States 
(2) The University of Tennessee Knoxville Department of Chemistry, Knoxville, Tennessee, 
United States  

High-performance polymers (HPPs) such as polycarbonate (PC) and polyimide (PI) have 
profound applications due to their outstanding mechanical properties, thermal stability, and 
chemical inertness. These superb properties, however, indicate that high-performance polymer 
wastes are more difficult for recycling compared to commodity polymers. In this study, we 
depolymerized high-performance PC and PI for upcycling to elastic vitrimers. High-performance 
PC and PI were depolymerized by nucleophiles to oligomers bearing hydroxyl groups. 
Stoichiometric imbalance tuned the molecular weights of oligomers and organocatalysts 
catalyzed the reactions. The oligomers subsequently reacted with poly(ethylene glycol) (PEG) 
bearing multiple isocyanate groups and generated elastic vitrimers. With dynamic urethane bonds 
as the linkages and rigid structures from the oligomers, our elastic vitrimers exhibited great 
mechanical strength, thermal stability, and reprocessability, which have potentials for applications 
such as self-healing materials and reusable adhesives. Our study illustrates that depolymerization 
of high-performance PC and PI for upcycling is effective for tackling high-performance polymer 
wastes and fulfillment of circular economy for plastics. 
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 Design of Polymers Toward Upcycling: 
 
Sunday 08:00am - 11:30am USA / Canada - Central - 
August 21, 2022 | Location: S104a (McCormick Place 
Convention Center) 
Prof. Julia Kalow, Organizer; Dr. Tomonori Saito, Organizer, 
Presider; Prof. Brent S Sumerlin, Organizer, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Co-sponsor - Nominal PMSE: Division 
of Polymeric Materials Science and Engineering Theme: 
Sustainability Co-sponsor - Nominal CATL: Division of 
Catalysis Science and Technology Theme: Sustainability in a 
Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3719042 - Upgrading discarded polyester waste materials 
leveraging chemical transformation with bio based 
feedstocks 
08:00am - 08:20am 
Louis Pitet, Presenter; Apostolos Karanastasis; Victoria 
Safin 
 
3742995 - Expanding loop chemical recycling of PET 
08:20am - 08:40am  
Parker Boeck; Jonas Simon; Stephen Miller, Presenter 
 
3737190 - Dual catalytic chemical recycling and upcycling 
of plastics 
08:40am - 09:10am 
Andrew Dove, Presenter 
 
Withdrawn - 09:10am - 09:30am 
 
Intermission 
 
3735333 - Organocatalytic depolymerization and upcycling 
of waste plastic as a facile route to materials discovery 
09:50am - 10:20am 
J Hedrick, Presenter 
 
3727323 - Deconstruction and reconstruction of 
condensation polymers by tailored ionic liquids 
10:20am - 10:40am  
Md Arifuzzaman; Dr. Md Anisur Rahman; Bobby Sumpter; 
Changwoo Do; Ilja Popovs; Pengfei Cao; Robert Davis; 
Sheng Dai; Dr. Tomonori Saito, Presenter 
 
3743498 - Polyesters as a platform for recycling and 
upcycling: Segmented copolyester polyolefins to 3D 
printed polyester medical waste 
10:40am - 11:10am 
Timothy Long, Presenter; Anastasia Arrington; James R 
Brown; Charles Rolsky; Max Win; Karen Winey 
 
 

3738944 - Universal reagents for CO2 capture, storage, and 
upcycling into value-added polymer 
11:10am - 11:30am  
Dino Wu, Presenter; Nathan Park; J Hedrick; Luis Campos 
 

Design of Polymers toward Upcycling: 
02:00pm - 05:20pm USA / Canada - Central - August 21, 
2022 | Location: S104a (McCormick Place Convention 
Center) 
Prof. Julia Kalow, Organizer, Presider; Dr. Tomonori Saito, 
Organizer; Prof. Brent S Sumerlin, Organizer; Dr. Junpeng 
Wang, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Co-sponsor - Nominal PMSE: Division 
of Polymeric Materials Science and Engineering Theme: 
Sustainability Co-sponsor - Nominal CATL: Division of 
Catalysis Science and Technology Theme: Sustainability in a 
Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3733919 - Design polysaccharide-based materials toward 
recycling and upcycling 
02:00pm - 02:20pm  
Jia Niu, Presenter 
 
3743296 - Bio-based, recyclable-by-design polymers 
02:20pm - 02:50pm  
Gregg Beckham, Presenter; Dr. Nicholas A. Rorrer 
 
3729719 - Polyethylene-like polyesters are chemically 
recyclable and biodegradable 
02:50pm - 03:10pm  
Richard Gross, Presenter 
 
3734669 - Incorporating labile thioester functionality into 
vinyl copolymers: Toward recycling of linear and 
crosslinked polymers (On Demand) 
03:10pm - 03:30pm  
Nathaniel Bingham; Qamar Nisa; Maciek Kopec; Dr Peter J. 
Roth, Presenter 
 
Intermission - 03:30pm - 03:50pm 
 
3750054 - Mechanically converting non-degradable 
polymers into degradable ones for recycling/upcycling 
03:50pm - 04:10pm  
Dr. Junpeng Wang, Presenter 
 
3744803 - Hybrid monomer design for circular polymers 
that unify conflicting properties 
04:10pm - 04:40pm  
Eugene Chen, Presenter 
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3739965 - Design and characterization of degradable cross-
linked silyl-containing polyurethanes with reusable 
molecules 
04:40pm - 05:00pm  
Dr. Grant C Daniels, Presenter; Keith Sutyak; Eugene 
Camerino; Erick Iezzi 
 
3737188 - Tuning the degradation of plastics by leveraging 
C–H functionalization 
05:00pm - 05:20pm  
Victoria Barber, Presenter; Frank Leibfarth 
 

Design of Polymers toward Upcycling: 
Monday, 08:00am - 11:30am  
Prof. Julia Kalow, Organizer; Dr. Tomonori Saito, Organizer; 
Prof. Brent S Sumerlin, Organizer, Presider; Dr. Md Anisur 
Rahman, Presider 
Co-Sponsor/Theme: Co-sponsor - Nominal PMSE: Division 
of Polymeric Materials Science and Engineering Theme: 
Sustainability Co-sponsor - Nominal CATL: Division of 
Catalysis Science and Technology Theme: Sustainability in a 
Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3737692 - Upcycling plastics to reprocessable and creep-
resistant dynamic covalent networks via free-radical 
grafting of dialkylamino disulfide bonds 
08:00am - 08:20am  
Logan Fenimore, Presenter; Boran Chen; Mohammed Bin 
Rusayyis; John Torkelson 
 
3741390 - Upcycling commodity thermoplastic through 
dynamic boronic ester crosslinking 
08:20am - 08:40am  
Dr. Md Anisur Rahman, Presenter; Sungjin Kim; Aditya 
Savara; Dr. Tomonori Saito 
 
3741507 - Molecular engineering for efficient circularity in 
plastics recycling 
08:40am - 09:10am 
Dr Brett Helms, Presenter 
 
3740103 - Closed-loop additive manufacturing of upcycled 
commodity plastic through dynamic crosslinking 
09:10am - 09:30am 
Sungjin Kim, Presenter; Dr. Md Anisur Rahman; Md 
Arifuzzaman; Dustin Gilmer; Bingrui Li; Jackson Wilt; Edgar 
Lara-Curzio; Dr. Tomonori Saito 
 
Intermission - 09:30am - 09:50am 
 
3740813 - Rational design and synthesis of fully recyclable 
thermosets via dynamic covalent chemistry 
09:50am - 10:10am  
Dr. Wei Zhang, Presenter 

 
3717771 - Dithioacetal-based chemically recyclable 
polymers 
10:10am - 10:30am  
Lasith Kariyawasam, Presenter; Ying Yang 
 
Withdrawn - 10:30am - 10:50am 
 
3743870 - Reversible-iron catalyzed [2+2] cycloaddition to 
access chemically recyclable materials 
10:50am - 11:10am  
Carli Kovel, Presenter; Professor Paul J Chirik 
 
3740905 - Upcycling of polymers via amination of the 
polymer backbone 
11:10am - 11:30am 
Mercie Hodges, Presenter; Matthew Elardo, Presenter; 
Forrest Michael, Presenter; Matthew Golder, Presenter; 
Matthew Ross Golder, Presenter 
 

Design of Polymers toward Upcycling: 
Monday, 02:00pm - 05:30pm USA / Canada - Central - 
August 22, 2022 | Location: S104a (McCormick Place 
Convention Center) 
Prof. Julia Kalow, Organizer, Presider; Dr. Tomonori Saito, 
Organizer, Presider; Prof. Brent S Sumerlin, Organizer 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Co-sponsor - Nominal PMSE: Division 
of Polymeric Materials Science and Engineering Theme: 
Sustainability Co-sponsor - Nominal CATL: Division of 
Catalysis Science and Technology Theme: Sustainability in a 
Changing World 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3744819 - Catalytic upcycling and circular reprocessing of 
polyolefins 
02:00pm - 02:30pm  
Anne LaPointe, Presenter; Shilin Cui; Andrew Kocen; 
Geoffrey Coates 
 
3755526 - Polyethylene upcycling through controlled 
breakdown and functionalization 
02:30pm - 02:50pm  
Gabrielle Kerr, Presenter; Javid Rzayev 
 
3740494 - Polyolefin upcycling through dehydrogenation 
and functionalization 
02:50pm - 03:20pm  
Karen Winey, Presenter 
 
3739721 - Upcycling of poly(N,N-dimethylacrylamide) via 
transition-metal-free transamidation of unactivated 
tertiary amides 
03:20pm - 03:40pm 
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Dr. Lucca Trachsel, Presenter; Debabrata Konar; Prof. Brent 
S Sumerlin 
 
Intermission - 03:40pm - 04:00pm 
 
3743388 - Amidation of poly(methyl acrylate) as a versatile 
upcycling platform towards functional polymers and 
materials 
04:00pm - 04:20pm  
Joachim Van Guyse; Jente Verjans; Tomas Sedlacik, 
Presenter; Stef Vandewalle; Kevin De Bruycker; Victor 
Jerca; Yann Bernhard; Filip Du Prez; Prof. Richard 
Hoogenboom 
 

3737923 - Upcycling of organometallic polymers 
04:20pm - 04:50pm 
Rebekka Klausen, Presenter 
 
3750595 - Synthesis and application of degradable vinyl 
polymers 
04:50pm - 05:10pm  
Christopher Bates, Presenter 
 
3730733 - Radical ring-opening polymerization: A new 
route to polymer upcycling ? 
05:10pm - 05:30pm 
Yohann Guillaneuf, Presenter 
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Design of Polymers Toward Upcycling 

Upgrading discarded polyester waste materials leveraging chemical transformation with 
bio based feedstocks 

Louis Pitet, louis.pitet@gmail.com, Apostolos Karanastasis, Victoria Safin. Chemistry, 
Universiteit Hasselt, Hasselt, Limburg, Belgium  

Enormous quantities of polyesters are discarded every year in the form of packaging, beverage 
bottles, and clothing. This represents an appalling misuse of potentially valuable resources. With 
this work, we demonstrate a strategy for re-purposing various discarded polyesters by performing 
chemical transformations with functional comonomers. The comonomers have functionality that is 
complementary and reactive toward polyesters, allowing transesterification and subsequent 
segment redistribution to form thermoplastic copolyesters (TPCs). The properties of the final 
polymer constructs can be readily tuned by adjusting the relative feedstock concentrations. We 
show that a critical parameter is the concentration of end-groups, which requires a judicious 
design of reaction recipes. The thermal properties and mechanical profiles of the polymers are 
shown to depend strongly on the segment distribution and composition of the respective 
segments. As such, the molecular characteristics are explicitly determined using NMR 
spectroscopy and size-exclusion chromatography, revealing an acute connection between the 
reaction conditions and the polymer architectures and molar mass. This approach represents a 
paradigm shift in polymer synthesis, demonstrating the previously unvalued waste products can 
be reutilized to produce circular, high performance materials in this so-called up-cycling process. 
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Design of Polymers Toward Upcycling 

Expanding loop chemical recycling of PET 

Parker Boeck, Jonas Simon, Stephen A. Miller, miller@chem.ufl.edu. Chemistry, University of 
Florida, Gainesville, Florida, United States  

Bis-hydroxyethylterephthalamide (HETP) and dimethyl terephthalate (DMT) are readily accessible 
depolymerization products via aminolysis and methanolysis of polyethylene terephthalate (PET), 
respectively. The transesterification copolymerization of HETP and DMT yields a polyesteramide 
nylon hybrid having a much higher glass transition temperature (125 °C) than that of PET (72 °C), 
presumably because of amide hydrogen bonding. It has a melting temperature (262 °C) 
comparable to that of PET (265 °C). Note that the weak-link of this polyesteramide is an ester 
linkage—the same one present in PET itself. Because of that, the aminolysis of this copolymer 
with aminoethanol affords a single monomer, HETP—in double the molar quantity employed to 
synthesize the original polymer. Hence, this polymerization/depolymerization cycle represents an 
expanding loop chemical recycling strategy that doubles in scale with each revolution. 
Conceptually, the polyesteramide can be made from PET alone, or from PET combined with the 
HETP generated from depolymerized polyesteramide. Thus, as the demand for the 
polyesteramide increases, increasing amounts of post-consumer PET can be assimilated into this 
chemical recycling loop. We applied our standard PET aminolysis conditions to this 
polyesteramide and demonstrated facile and coherent ester scission, affording un-optimized 
yields of 30–56% isolated HETP. The expanding loop chemical recycling of PET will be further 
discussed in the context of related polymers. 

 
Each cycle of expanding loop chemical recycling incorporates additional DMT from PET—thereby 
doubling the quantity of polyesteramide produced. This nylon hybrid has a Tg value of 125 °C and a Tm of 
262 °C. 
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Design of Polymers Toward Upcycling 

Dual catalytic chemical recycling and upcycling of plastics 

Andrew P. Dove, a.dove@bham.ac.uk. Chemistry, University of Birmingham, Birmingham, 
Birmingham, United Kingdom  

The depolymerisation of commodoty plastic presents an interesting opportnity to create value 
from plastic waste. An important aspect of these methodologies is creating efficient methods to 
undertake depolymerisation. To this end, dual catalysis provides an efficient and simple method 
to depolymerise plastics that contain heteroatoms in their backbone. By judicious choice of acid 
and base, activity and selectivity can be carefully controlled to allow facile access to monomers 
for polymerisation and upcycling of waste plastics to virgin materials or added-value products. 
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Design of Polymers Toward Upcycling 

Organocatalytic depolymerization and upcycling of waste plastic as a facile route to 
materials discovery 

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

The significant gains in the last century in the design of new polymer-forming reactions and 
catalysis led to macromolecules with distinctive structure-property relationships affording a vast 
and diverse array of applications. These materials were designed for performance, as 
inexpensive alternatives with long lifetimes and ease of disposal, but not for recovery and 
recycling. The indiscriminate disposal of these polymers together with the overwhelming volumes 
of polymers that end up in landfills has created an unintended environmental crisis. As it stands 
now, only about 10% of plastics are recycled and most is mechanical recycling, while the 
remaining plastics are lost to the economy (billions of dollars) after a single use. To this end, 
chemical recycling offers an attractive alternative to disposal or mechanical recycling as it offers 
plastic-to-plastic recycling as well as upcycling opportunities. We have developed a platform of 
active catalysts for chemical recycling of poly(ethylene terephthalate) (PET) and polycarbonates 
(PC) as well as the aminolysis of PET as a strategy for generating new classes of monomers and 
subsequent high value polymers. Functional monomers with applications ranging from urethanes, 
resins for additive manufacturing, high performance engineering thermoplastics to therapeutics 
have been explored. With this new feedstock in mind, 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 and AI 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 is becoming more pervasive. 
This talk will focus on the upcycling of waste plastic to high value materials with an emphasis on 
therapeutics. 
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Design of Polymers Toward Upcycling 

Deconstruction and reconstruction of condensation polymers by tailored ionic liquids 

Md Arifuzzaman1, Md Anisur Rahman1, Bobby Sumpter2, Changwoo Do3, Ilja Popovs1, Pengfei 
Cao1, Robert J. Davis4, Sheng Dai1, Tomonori Saito1, saitot@ornl.gov. (1) Chemical Sciences 
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States (2) Center for 
Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States (3) Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
United States (4) Department of Chemical Engineering, University of Virginia, Charlottesville, 
Virginia, United States  

Condensation polymers, such as poly(ethylene terephthalate) (PET), polyamides, polyurethanes, 
polycarbonate, polysulfone, and polyimide, comprise ~30% of the global plastic production. 
Although there has been progress on chemically upcycling condensation polymers, especially 
PET, most condensation polymers are not recycled because of the difficulty in depolymerization 
to pure building blocks in an energy-efficient manner. Catalysts are typically used to facilitate their 
deconstruction; however, catalytic deconstruction of condensation polymers has many 
challenges, including limited reactivity, yields, and control over product selectivity. Consequently, 
deconstruction of condensation polymers typically requires high temperatures that lead to the 
formation of small unselective fragments due to thermodynamically controlled processes. New 
processes and catalysts are needed to lower the energy requirements and temperature for the 
deconstruction of condensation polymers. Here, we have developed tailored ionic liquid 
organocatalysts synthesized by a simple and easy method to enable low-energy and greener 
depolymerization pathways for condensation polymers. For example, our catalyst enabled 
glycolysis with more than 95% conversion to pure monomer within 2 hours using 1/10 of the 
catalyst and minimum amount of ethylene glycol compared to the conventional organocatalysts. 
Besides its high efficiency and easy recyclability, the tailored ionic liquid organocatalyst also 
accomplished selective glycolysis of diverse mixed plastics. Our finding contributes to establish 
the design principles for energy-efficient polymer deconstruction and lay a versatile platform for 
polymer reconstruction with tailored composition, topology, and functionality. 
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Design of Polymers Toward Upcycling 

Polyesters as a platform for recycling and upcycling: Segmented copolyester polyolefins 
to 3D printed polyester medical waste 

Timothy E. Long1,2, telong@asu.edu, Anastasia S. Arrington1,2, James R. Brown1,2, Charles 
Rolsky1,2, Max Win3, Karen I. Winey3. (1) School of Molecular Sciences, Arizona State University, 
Tempe, Arizona, United States (2) Biodesign Center for Sustainable Macromolecular Materials 
and Manufacturing, Arizona State University, Tempe, Arizona, United States (3) School of 
Engineering and Applied Science, University of Pennsylvania, Philadelphia, Pennsylvania, United 
States  

This presentation describes two novel pathways to approach polyester circularity, from synthesis 
to material recovery, beginning with incorporating degradable units into polyolefin structures and 
ending with the recovery of medical plastic waste for subsequent upcycling. Chain-transfer ring-
opening metathesis polymerization (CT-ROMP) previously provided a route to carboxytelechelic 
polyethylene (PE) of controlled molecular weight; however, the incorporation of oligomeric PE into 
segmented copolymers remains unexplored. Herein, CT-ROMP afforded carboxytelechelic 
polycyclooctene segments, and subsequent reduction generated well-defined carboxytelechelic 
PE with Mn = 3800 g/mol. Solvent-free melt polycondensation of neopentyl glycol and adipic acid 
with varying wt.% telechelic PE oligomers yielded mechanically durable segmented copolyesters. 
The thermal and thermomechanical properties of the segmented copolyesters correlated with PE 
segment content, and high PE content copolymers exhibited remarkably similar 
thermomechanical performance to conventional HDPE. The segmented copolyesters displayed 
advantageous physical properties while introducing susceptibility to chemo- and bio-catalytic 
depolymerization through periodic ester linkages, thus providing valuable fundamental 
understanding of an alternative route to degradable HDPE. The development of a plastic 
recycling microfactory has since facilitated the separation and subsequent additive manufacturing 
of medical waste for upcycled materials to reenter the medical industry. 
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Universal reagents for CO2 capture, storage, and upcycling into value-added polymer 

Dino Wu1, dw2934@columbia.edu, Nathan Park2, J Hedrick2, Luis M. Campos1. (1) Chemistry, 
Columbia University, New York, New York, United States (2) IBM Almaden Research Center, San 
Jose, California, United States  

It is now recognized that effective strategies of reducing CO2 emissions are urgently needed to 
address climate change. While a variety of systems have been tested, most of them require 
energy and are myopic in their scope of reactivity. Thus, we sought to investigate families of 
superbases (SBs) that serve as CO2 mitigating agents. This talk will focus on describing the wide-
scope reactivity of a family of modular SBs that can be exploited in a variety of chemical 
transformations of CO2 at standard temperature and pressure from dilute and pure gaseous 
sources. We found that the SBs can form zwitterionic complexes to activate CO2, which can be 
readily mineralized into metal carbonates. Importantly, the highly reactive nature of SBs renders 
them widely useful to upcycle CO2 into a number of small molecule carbonates/carbamates, in 
addition to the direct three-component synthesis of polyurethanes and polycarbonates. These 
chemical transformations using CO2 as a monomer precludes the use of isocyanates and 
phosgene, while enabling chemistries to access new types of N-alkylated polyurethanes. 
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Design of Polymers Toward Upcycling 

Design polysaccharide-based materials toward recycling and upcycling 

Jia Niu, jia.niu@bc.edu. Chemistry, Boston College, Chestnut Hill, Massachusetts, United States  

Polysaccharides are the nature’s choice for building robust materials. Compared to synthetic 
polymers, polysaccharides are derived from biological feedstocks and are potentially 
(bio)degradable, making them promising candidates for sustainable materials. Despite these 
unique advantages, polysaccharides extracted from biological sources are often highly 
heterogenous, imposing significant constraints on their characterization and material fabrication. 
In this talk, I will present our efforts to generate chemically defined polysaccharide structures 
through living polymerization. These polysaccharides are then used to fabricate functional 
materials with tailored thermal and mechanical properties and establish key structure-function 
correlations. Importantly, recycling and upcycling can be achieved through catalytic methods, 
laying the foundation for them to be used as next-generation plastics. 
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Bio-based, recyclable-by-design polymers 

Gregg Beckham, gregg.beckham@nrel.gov, Nicholas Rorrer. National Renewable Energy 
Laboratory, Golden, Colorado, United States  

This talk will cover our recent efforts in the development of bio-based building blocks to be used 
in recyclable-by-design polymers. These efforts include metabolic engineering and bioprocess 
development to convert carbohydrates and lignin-related aromatic compounds into useful 
monomers and the synthesis, characterization, and chemical recycling of new bio-based 
polymers. We will also review recent efforts in techno-economic analysis and life cycle 
assessment that aim to compare the synthesis and recycling of bio-based, recyclable polymers to 
the linear production and landfilling of conventional polymers that fulfill the same function. 
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Polyethylene-like polyesters are chemically recyclable and biodegradable 

Richard A. Gross, grossr@rpi.edu. Center for Biotechnology and Interdisciplinary Studies, 
Rensselaer Polytechnic Institute, Troy, New York, United States  

ω-Hydroxyfatty acids are excellent monomers for synthesizing a unique family of polyethylene-
like biobased plastics. However, ω-hydroxyfatty acids are difficult and expensive to prepare by 
traditional organic synthesis, precluding their use in commodity materials. A strain of the diploid 
yeast Candida tropicalis to produce commercially viable yields of ω-hydroxyfatty was developed 
by identifying and eliminated 16 genes encoding 6 cytochrome P450s, 4 fatty alcohol oxidases, 
and 6 alcohol dehydrogenases from the C. tropicalis genome. Fermentation of the engineered 
strain with expression of CYP52A17 resulted in 110 g/L volumetric yields of ω-
hydroxytetradecanoate (ω-OHC14). P(ω-OHC14) with Mw ranging from 53K to 140K were 
synthesized and characterized by DSC, TGA, DMTA, and tensile testing. Influences of P(ω-
OHC14) molecular weight, melting point, and enthalpies of melting/crystallization on material 
tensile properties were explored. Cold-drawing tensile tests at room temperature for P(ω-OHC14) 
with Mw 53K–78K showed a brittle-to-ductile transition. Increasing P(ω-OHC14) Mw above 78K 
resulted in a strain-hardening phenomena and tough properties with elongation at break ∼700% 
and true tensile strength of ∼50 MPa. 
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Incorporating labile thioester functionality into vinyl copolymers: Toward recycling of 
linear and crosslinked polymers 

Nathaniel Bingham1, Qamar u. Nisa1, Maciek Kopec2, Peter J. Roth1, P.Roth@surrey.ac.uk. (1) 
Chemistry, University of Surrey, Guildford, Surrey, United Kingdom (2) Chemistry, University of 
Bath, Bath, United Kingdom  

Polymers with cleavable groups in their backbones may be chemically recycled, may undergo 
biodegradation (e.g., in applications where loss of plastics into the environment cannot be 
avoided), and play a key role in the establishment of a circular plastics economy. 

Vinyl polymers are one of the most-used types of plastic but, due to their carbon–carbon 
backbones, are not degradable. The degradation of thermosets prepared through free radical 
polymerization remains a challenge since these have proven undegradable even if degradable 
crosslinkers are used. 

We demonstrate that radical copolymerization of vinyl monomers (methacrylates, acrylates, 
acrylamides, styrene, acrylonitrile, vinyl ethers) with thionolactones leads to well-defined 
copolymers containing a tuneable amount of backbone thioesters. The mechanism, termed 
thiocarbonyl addition–ring-opening (TARO) is compatible with RAFT and ATRP and also leads to 
degradable polymers through free radical polymerization. 

Unlike esters groups installed into copolymers through traditional radical ring-opening 
polymerization methods, the thioesters produced through TARO can be selectively cleaved 
through aminolysis, thiolysis, and oxidation without harming side group esters. Gels prepared 
through free radical copolymerization of the thionolactone dibenzo[c,e]oxepane-5-thione (DOT), 
acrylates, and a difunctional crosslinker had similar thermal properties as gels prepared without 
DOT but could be degraded into fully soluble fragments under mild conditions. This strategy thus 
offers a route for the recycling of thermoset plastics in a circular economy. 

 
The radical copolymerization of thionolactones leads to easily cleavable backbone thioesters in linear and 
crosslinked copolymers.  
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Mechanically converting non-degradable polymers into degradable ones for 
recycling/upcycling 

Junpeng Wang, wangjp.duke@gmail.com. Polymer Science, University of Akron, Akron, Ohio, 
United States  

Polymers that can be broken down into small molecules (i.e., degradable polymers) have 
received considerable attention as an option for sustainable materials. Despite the developments, 
few degradable polymers can match the stability and mechanical properties of the polymeric 
materials in current use. The degradation of polymers is typically enabled by stimuli-responsive 
cleavable groups such as esters, acetals, and silyl ethers, which are embedded in the polymer 
backbone. While these functional groups enable degradation, they can also be slowly triggered to 
degrade under ambient conditions, posing stability issues. In this presentation, we demonstrate 
that introducing a mechanophore as a locking moiety and bringing the degradable functional 
group on sidechain can increase the polymer stability; when degradation is needed, the locking 
moiety can be mechanically unlocked to bring the degradable functional groups into the polymer 
backbone, forming a readily degradable polymer. Compared to current degradable polymers, the 
two-step degradation mechanism allows for the polymer deconstruction to proceed in an on-
demand fashion and is expected to increase the service lifetime of the materials while maintaining 
the capability of recycling. 
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Hybrid monomer design for circular polymers that unify conflicting properties 

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

To address a critical challenge in designing circular polymers with not only complete chemical 
recyclability but also performance properties rivaling present unsustainable competitors requires 
innovative strategies to overcome common polymerizability/depolymerizability and 
recyclability/performance tradeoffs so that conflicting properties could be unified. Here we 
introduce a hybrid monomer design strategy to synergistically couple property-contrasting parent 
monomer structures to hybridized offspring monomers that not only radically alter properties of 
the resulting polymers, relative to their parent polymers or copolymers, but also unify the above-
mentioned conflicting properties. Several hybrid monomer systems successfully developed to-
date argued that hybrid monomer design is a powerful approach to develop robust circular 
polymers without yielding to common property tradeoffs. 

 

 
  



101 
 

Design of Polymers Toward Upcycling 

Design and characterization of degradable cross-linked silyl-containing polyurethanes 
with reusable molecules 

Grant C. Daniels, grant.daniels@nrl.navy.mil, Keith Sutyak, Eugene Camerino, Erick B. Iezzi. 
Chemistry Divison, US Naval Research Laboratory, Washington, District of Columbia, United 
States  

Polyurethanes and other cross-linked polymeric materials are utilized in numerous consumer and 
industrial coating applications due to their unique chemical and physical properties. However, 
removal of these materials require environmentally harsh and potentially unsafe chemical 
treatments to break the covalent bonds within their cross-linked networks. Furthermore, removal 
of these cross-linked materials generates hazardous waste that is either burned or buried. This 
work describes the synthesis, characterization, and disassembly of several novel stimuli-
responsive silyl-containing polyurethane (Silyl-PU) thermosets that generate possible upcyclable 
molecules. The synthesized Silyl-PUs display excellent thermal stability, rigidity, high cross-link 
density, and the rates of disassembly depend on the silyl structure. Additionally, they selectively 
disassemble, via cascading bond cleavages, to generate several industrial relevant molecules, 
such as hexamethylenediamine and 3-methyl-2-oxazolidinone. In particular, 
hexamethylenediamine has potential for upcycling because it can be made into Nylon-6,6, 
isocyanates and other materials. Select removal of a polyurethane with release of molecules also 
provides the potential for reduced environmental and safety issues. 
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Tuning the degradation of plastics by leveraging C–H functionalization 

Victoria Barber, victoriabarber96@gmail.com, Frank A. Leibfarth. Chemistry, University of North 
Carolina at Chapel Hill College of Arts and Sciences, Chapel Hill, North Carolina, United States  

Degradable plastics are essential for applications ranging from sustainable polymers to 
biomaterials, but systematically tuning the degradation rate of a material can be challenging. In 
this work, we leverage post-polymerization modification via amidyl radical mediated C–H 
functionalization to chemo-selectively install versatile functionality directly onto typically 
unreactive aliphatic polyesters. Optimized conditions enabled tunable incorporation of xanthate 
onto poly(caprolactone) with retention of the molar mass and molecular weight distribution of the 
original material. Installation of this functionality led to a decrease in the degree of crystallinity, 
which led us to hypothesize the functionalized material would have increased degradation rates 
as compared to the parent poly(caprolactone). Intriguingly, accelerated degradation studies 
showed a significant decrease in degradation rate for the functionalized material. In this 
presentation, I will detail how systematic structure–property studies led to a more detailed 
understanding of how site-selective C–H functionalization results in unanticipated degradation 
behavior of aliphatic polyesters. This study demonstrates how subtle changes to molecular 
structure can have dramatic influence on material performance and foreshadows the exciting 
opportunities that C–H functionalization can provide to upcycle degradable polymers. 
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Upcycling plastics to reprocessable and creep-resistant dynamic covalent networks via 
free-radical grafting of dialkylamino disulfide bonds 

Logan Fenimore, fenimolm@gmail.com, Boran Chen, Mohammed Bin Rusayyis, John M. 
Torkelson. Northwestern University, Evanston, Illinois, United States  

Current methods for recycling spent plastics such as re-extrusion with additives result in 
substantial property degradation and the relegation of these downcycled polymers to low-value 
applications. An emerging avenue to mitigate this sustainability problem involves enriching waste 
plastics with dynamic covalent bonds as chemical cross-links. By introducing dynamic covalent 
cross-links, previously thermoplastic materials exhibit robust mechanical properties characteristic 
of conventional thermosets yet maintain their reprocessability at high temperatures. Not only can 
the incorporation of dynamic bonds be achieved during polymer synthesis to produce 
reprocessable step-growth networks like polythiourethanes and addition-type networks like 
polymethacrylates, but also it can be achieved through post-polymerization modification to 
upcycle spent polyolefins for higher value applications. Low-density polyethylene was first 
upcycled through reactive batch processing to covalent adaptable networks (CANs) by way of 
melt-state, free-radical grafting of a dialkylamino disulfide-containing cross-linker onto polymer 
chains as a proof of concept. This method was optimized and extended to other polymers such 
as high-density polyethylene, polypropylene, and more. This technique provides synthesized 
CANs with an exclusively dissociative reversible pathway by which network rearrangement may 
occur at high temperature. This dynamic capability allows CANs to recover cross-link densities 
and associated properties after several compression molding cycles at mild conditions. Further, 
the CANs exhibit elevated-temperature creep resistance over long periods of time that is 
dominated by the dynamic chemistry of the cross-linker. This observation also demonstrates the 
utility of this dissociative dynamic chemistry of high activation energy at suppressing creep in 
polymer networks exhibiting different viscoelastic behavior. 
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Upcycling commodity thermoplastic through dynamic boronic ester crosslinking 

Md Anisur Rahman, rahmana1@ornl.gov, Sungjin Kim, Aditya Savara, Tomonori Saito. 
Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States  

Plastics have become an indispensable part of our daily life, but the management of their wastes 
presents a global challenge. It is critical to develop an upcycling path for plastics beyond 
conventional recycling methods. To address the sustainable challenges of plastics, we have thus 
upcycled a commodity thermoplastic elastomer, polystyrene-b-poly(ethylene-co-butylene)-b-
polystyrene (SEBS) toward higher-value materials. New tough reversible/recyclable adhesive 
polymers were designed and synthesized by incorporating dynamic covalent bonds of boronic 
ester into commodity triblock thermoplastic elastomers, that reversibly bind with various fillers and 
substrates. The spectroscopic measurements unveil versatile dynamic covalent binding of 
boronic ester with various hydroxy-terminated surfaces such as silica nanoparticles, aluminum, 
steel, and glass. Novel adhesives were thus designed by taking advantage of this unveiled 
feature of dynamic covalent binding with multiple interfaces. The designed multi-phase material 
exhibits exceptionally high adhesion strength and work of debonding with a rebonding capability, 
as well as outstanding mechanical, thermal, and chemical resistance properties. This is a stark 
contrast with the conventional commercial adhesives, which are single used thermoset materials, 
and do not have high adhesion strength and ductility simultaneously. Bonding and debonding at 
the interfaces dictate hybrid materials properties, and this revelation of tailored dynamic 
interactions with multiple interfaces will open up a new design of adhesives and hybrid materials. 
Dynamic covalent bonding on commodity thermoplastic via tailored vitrimer chemistry was further 
expanded for the preparation of reversible smart responsive materials. This presentation will 
summarize the development of these upcycled materials including reversible adhesives and 
smart materials. 

 

 
Tough adhesive from commodity polymer through dynamic boronic ester crosslinking. 
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Molecular engineering for efficient circularity in plastics recycling 

Brett Helms, bahelms@lbl.gov. E O Lawrence Berkeley National Laboratory, Berkeley, 
California, United States  

Recycling plastics is hard. We get it. But it doesn't have to be. Here, I will describe how molecular 
engineering povides new tools for deconstructing polydiketoenamine plastics to their raw 
materials (i.e., monomers) with complete spatiotemporal control in mixed-plastics chemical 
recycling. I will discuss how local chemical transformations within polymers are directed by a 
number of fundamental physical phenomena, including bond activation and solvation. I will further 
describe novel spectroscopies and characterization methods for unraveling the details of polymer 
deconstruction at relevant length scales and time scales. The emerging perspective is that we 
have a an unprecedented opportunity to design a next generation of plastics that are intrinsically 
more recyclable than existing plastics. The outstanding question is, therefore, Will we in time to 
make a difference? Therefore, I will also identify barriers to lab-to-market translation and 
commercialization. 
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Closed-loop additive manufacturing of upcycled commodity plastic through dynamic 
crosslinking 

Sungjin Kim1, kims1@ornl.gov, Md Anisur Rahman1, Md Arifuzzaman1, Dustin B. Gilmer2, 
Bingrui Li2, Jackson K. Wilt1, Edgar Lara-Curzio3, Tomonori Saito1,2. (1) Chemical Sciences 
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States (2) Bredesen 
Center for Interdisciplinary Research and Graduate Education, The University of Tennessee 
Knoxville Tickle College of Engineering, Knoxville, Tennessee, United States (3) Materials 
Sciences and Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
United States  

A manufacturing transformation towards carbon neutrality would become reality if commodity 
plastics can be upcycled into higher-performance materials, amenable to closed-loop 
manufacturing. Such circularity will be realized when the upcycled plastics can be (re)processed 
into custom-designed structures through energy/resource-efficient additive manufacturing (AM) 
methods, especially by approachable and scalable Fused Filament Fabrication (FFF). Here, we 
introduce a circular model epitomized by upcycling a prominent thermoplastic, acrylonitrile 
butadiene styrene (ABS) into a recyclable, robust adaptive dynamic covalent network (ABS-
vitrimer) (re)printable via FFF. The full FFF-processing of ABS-vitrimer overcomes the major 
challenge of (re)printing crosslinked materials and produces stronger, tougher, solvent-resistant 
3D objects directly reprintable and separatable from unsorted plastic waste. The design and 
evaluation of the ABS-vitrimer for the full FFF printing presents a tangible example to benchmark 
and apply FFF-printability without modifying approachable printing protocols and conditions to the 
broad range of existing or future vitrimer materials. This study thus offers an imminently 
adoptable approach for transformative manufacturing towards the circular plastics economy. 

 
Circular additive manufacturing via upcycling ABS into ABS-vitrimers 
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Rational design and synthesis of fully recyclable thermosets via dynamic covalent 
chemistry 

Wei Zhang, wei.zhang@colorado.edu. Chemistry, University of Colorado Boulder, Boulder, 
Colorado, United States  

Polymer materials have been divided into two categories: linear polymers and cross-linked or 
network polymers. Linear polymers typically have melting points and can be reprocessed and 
recycled, but are not durable enough for many applications. Crosslinked polymers, commonly 
called thermosets, are mechanically tough but are not able to be recycled. Malleable crosslinked 
polymers are a new class of materials, wherein reversible covalent bonds are employed. These 
materials can exhibit mechanical properties of typical thermosets under ambient conditions, yet at 
elevated temperatures or under other stimuli they can be reprocessed and 100% recycled 
through a cross-link exchange and rearrangement process, usually with the aid of catalysts. This 
presentation will focus on the development of catalyst-free network polymers consisting of imine- 
or ether-based dynamic covalent linkages, which become malleable upon activation of the bond 
reversibility, thus enabling their unique processability and full recyclability while retaining tough 
mechanical properties. The application of such malleable thermosets in functional composites 
fabrication, e.g., carbon fiber reinforced composites, electronic skin, 3D printing, will also be 
discussed. 
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Dithioacetal-based chemically recyclable polymers 

Lasith Kariyawasam, kariyals@miamioh.edu, Ying Yang. Chemistry, University of Nevada 
Reno, Reno, Nevada, United States  

Traditional polymers rely on stable covalent bonds; however, biochemical systems depend on 
dynamic transformations of macromolecular structures to perform living functions. Dynamic 
covalent polymers based on numerous functional groups such as disulfides, thioesters, lactones, 
carbonates, and acetals have received increasing interest in the past decade. One dynamic 
covalent bond that has received only limited attention in the field of polymer chemistry but has 
been widely used in synthetic organic chemistry is dithioacetal. Although dithioacetals are 
relatively stable, they can be activated by using acid catalysts. Given their straightforward 
synthesis, tunability, and dynamics, we investigated dithioacetal as a reversible bond in 
developing recyclable polymers. We synthesized linear polydithioacetals (PDTAs), which 
exhibited good mechanical strength. Ring-closing depolymerization of PDTAs in refluxing toluene 
with zinc(II) triflate catalyst yielded a mixture of cyclic dithioacetals of various ring sizes. Acid 
catalyzed ring-opening polymerization of these cyclic dithioacetal monomers at room temperature 
afforded the linear PDTAs. These results demonstrated PDTAs as promising candidates for use 
as polymers capable of chemical recycling to monomers (CRM). In this presentation, we will 
highlight the syntheses of the PDTAs, efficiencies of the reversible ring-closing and ring-opening 
processes monitored by 1H NMR and GPC, the effects of ring-sizes, and the material properties. 

 

 
 
Synthesis of polydithioacetals and the reversible ring-closing depolymerization and ring-opening 
polymerization 
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Reversible-iron catalyzed [2+2] cycloaddition to access chemically recyclable materials 

Carli Kovel, ckovel@princeton.edu, Paul J. Chirik. Chemistry, Princeton University, Princeton, 
New Jersey, United States  

Chemically recyclable polymers present a promising solution to address challenges in the 
management of plastic waste. Recent progress has led to the development of telechelic 1,3-
enchained oligocyclobutanes, a chemically recyclable microstructure of polybutadiene prepared 
from iron catalyzed cycloaddition of butadiene. Both the oligomer synthesis and retro - [2+2] 
cyclization has been studied from well-defined iron complexes bearing redox-active 
pyridine(diimine) ligands. In efforts to more readily access these chemically recyclable materials, 
here we describe the rational development of catalysts for improved [2+2] cycloaddition activity. 
Modified iron complexes have been synthesized to determine the influence of electronic and 
steric modifications on catalyst turnover. Through mechanistic studies and structure-activity 
relationships, improved catalysts for the synthesis of chemically recyclable structures have been 
developed. 
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Upcycling of polymers via amination of the polymer backbone 

Mercie Hodges, mercie.hodges@gmail.com, Matthew Elardo, melardo@uw.edu, Forrest 
Michael, fmichael@uw.edu, Matthew Golder, goldermr@uw.edu. Chemistry, University of 
Washington, Seattle, Washington, United States  

The majority of polymers created in the US are in the form of single-use plastics, most of which 
end up in a landfill. Polymer upcycling—chemically changing the structure and therefore function 
of a polymer in order to add value—is a promising means of mitigating this problem; plastics that 
would otherwise be discarded can instead be modified and given a new life. This talk will outline 
polymer upcycling via an allylic amination process developed for small molecule transformations. 
The reaction adds sulfonamides and sulfamates to the polymer backbone of polybutadiene 
(PBD), giving it greater thermal stability and the ability to self-assemble. The changes in structure 
and properties have been characterized via proton (1H) NMR spectroscopy, fluorine (19F) NMR 
spectroscopy, analytical gel permeation chromatography (aGPC), thermogravimetric analysis 
(TGA) and differential scanning calorimetry (DSC). Anywhere from 3 to 48% of monomers are 
functionalized (determined via NMR spectroscopy and molecular weight analysis); and, in 
addition to changes in physical state and appearance, functionalized polybutadiene has a lower 
decomposition temperature (Td), but a higher glass transition temperature (Tg) than commercially 
available polybutadiene. The upcycled polymer has a denser and more compact structure than 
the parent PBD as assessed by GPC-MALS. These physical and thermal changes indicate that 
the newly-functionalized PBD may be able to serve a different purpose as a material by creating 
coatings or self-assembling polymers. This reaction is highly tunable and in the future can be 
applied to most polymers with allylic carbon-hydrogen bonds, giving them specific functionalities 
based on the nature of the sulfonamide or sulfamate. 
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Catalytic upcycling and circular reprocessing of polyolefins 

Anne M. LaPointe, aml329@cornell.edu, Shilin Cui, Andrew Kocen, Geoffrey W. Coates. 
Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United States  

Polyethylene and polypropylene are ubiquitous in modern life due to their low cost and superior 
properties. However, their chemical inertness and widespread use in single-use packaging leads 
to their accumulation in landfill and the environment. The development of polyolefins as a 
chemical feedstock for upcycling has attracted increased attention recently. To address this 
problem, the Institute for Cooperative Upcycling of Plastics (ICOUP), a DOE EFRC, is developing 
catalytic methods to selectively cleave long polyolefin chains into smaller, value-added materials. 
Several case studies of polyolefin upcycling and circular reprocessing will be presented. 
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Polyethylene upcycling through controlled breakdown and functionalization 

Gabrielle Kerr, gmkerr@buffalo.edu, Javid Rzayev. Department of Chemistry, University at 
Buffalo, Buffalo, New York, United States  

Polyolefins, such as HDPE, LDPE, and PP, comprise the largest volume of commodity plastics, 
but their recycling is hampered by their chemical inertness, which does not allow easy 
functionalization or depolymerization back to monomer. For example, thermolysis of HDPE 
promotes random chain scission of carbon-carbon bonds to yield little monomer but mostly waxes 
with various molecular weights and gasoline liquids (C4-C9 products). These products might be 
useful as fuels but provide little value as building blocks for functional materials. In this work, we 
develop a new method for controlled chain cleavage of polyolefins, such as HDPE, to generate 
telechelic waxes (e.g. C100-C1000 products with functional end groups) that can be used as raw 
materials for fabricating a variety of value-added functional materials. This materials development 
platform for polyolefin upcycling is based on controlled breakdown of polyethylene chains through 
a scalable, three-step process that produces short chain oligomers with functional and reactive 
end-groups, such as alcohol, acrylate, etc. Each step was developed and optimized using a 
model long-chain alkane compound, octacosane, and an array of spectroscopic and 
spectrometric characterization methods. Successful application of this method to virgin high-
density polyethylene was also demonstrated. 
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Polyolefin upcycling through dehydrogenation and functionalization 

Karen I. Winey, winey@seas.upenn.edu. Materials Science and Engineering; Chemical and 
Biomolecular Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United States  

Post-consumer polyolefins (various polyethylenes and polypropylenes) cost ~ $0.20 – $1 per 
pound, while specialty polyethylene copolymers synthesized by traditional means sell for ~ $5 – 
$10 per pound and have improved toughness and adhesive properties. To transform specialty 
polyolefin production from relying on traditional petroleum-based feedstocks to using waste 
polyolefins as an alternative feedstock is a significant chemical challenge, because polyolefins 
have exceptional chemical and thermal stability. Thus, our highly collaborative and 
interdisciplinary team endeavors to master the chemical mechanisms of (1) polyolefin 
dehydrogenation (converts carbon-carbon single bonds to double bonds) and (2) chemical 
functionalization to convert polyolefins into copolymers. We intend to accomplish these chemical 
transformations while maintaining or increasing the polymer molecular weight by designing 
reactions that avoid chain scission. Note that commercially-successful polyethylene copolymers 
are often synthesized with just 1 – 10 mol% of the functional comonomer, indicating that only 0.5 
– 5% of the backbone carbon atoms in the waste polyethylene need to be converted to produce 
more sustainable specialty polyolefins. Our synthetic efforts are complemented by various 
polymer property measurements and benchmarking against commercial polymers. Our approach 
to converting waste commodity polymers into specialty polymers promises to be a viable and 
valuable component within a comprehensive effort to reduce polymer waste. 
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Upcycling of poly(N,N-dimethylacrylamide) via transition-metal-free transamidation of 
unactivated tertiary amides 

Lucca Trachsel, lucca.trachsel@ufl.edu, Debabrata Konar, Brent S. Sumerlin. Department of 
Chemistry, University of Florida, Gainesville, Florida, United States  

The direct transformation of bench-stable commodity macromolecules such as poly(N,N-
dimethylacrylamide) (PDMA) into value-added polyacrylamides with properties different to the 
parent PDMA would provide a means of upcycling consumer waste material and facilitate rapid 
material development. Herein, we established a strategy for efficient post-polymerization 
modification of PDMA via direct transamidation of the typically very unreactive tertiary amides 
present in PDMA. While it is known that the direct transamidation of unactivated tertiary alkyl 
amides is extremely challenging due to unfavorable kinetic and thermodynamic contributions of 
the process, the use of lithium hexamethyldisilazane (LiHMDS) in toluene has recently been 
shown to achieve this transformation by direct amide C-N bond cleavage with various amine 
nucleophiles. Using N,N-dimethylisobutyramide as a small molecule model substrate for PDMA, 
we first established that the LiHMDS-mediated transamidation with benzylamine proceeded 
quantitatively, thus demonstrating the feasibility of this method for direct transamidation of PDMA. 
Following the successful transamidation of PDMA with benzylamine achieving full conversion, we 
then expanded the reaction scope of this transition-metal-free transamidation of PDMA to various 
primary amines and even less nucleophilic anilines to yield the respective transamidated 
polymers in moderate to high yield. 
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Amidation of poly(methyl acrylate) as a versatile upcycling platform towards functional 
polymers and materials 

Joachim Van Guyse, Jente Verjans, Tomas Sedlacik, tomas.sedlacik@ugent.be, Stef 
Vandewalle, Kevin De Bruycker, Victor Jerca, Yann Bernhard, Filip E. Du Prez, Richard 
Hoogenboom. Centre of Macromolecular Chemistry, Department of Organic and Macromolecular 
Chemistry, Universiteit Gent, Gent, Belgium  

The direct modification of poly(methyl acrylate) (PMA) to obtain functional poly(N-alkyl 
acrylamide)s is appealing for polymer upcycling but was considered to be an inefficient approach. 
Recently, several research groups reported the possibility of the direct modification of unactivated 
poly(acrylate ester)s to obtain functional polymers. Within this contribution, we explored the 
amidation of PMA with various amines, utilizing triazabicyclodecene (TBD) as an organocatalyst. 
The reaction conditions can be tuned to provide kinetic control over the functionalization degree 
of PMA, enabling the synthesis of copolymers consisting of methyl acrylate and N-alkyl 
acrylamide groups. We demonstrated the utility of the developed approach to synthesize 
functional polymers with olefin side chains, which were subsequently crosslinked via thiol-ene 
and Alder-ene chemistry. We also demonstrated accelerated (co-)amidation of aminoalcohols 
due to neighboring groups. 

Poly(N-allyl acrylamide) (PAllA) obtained by full amidation of PMA was further exploited to 
develop new functional hydrogels. Mercaptoethanol (ME) was added during crosslinking as a 
monofunctional thiol to modulate hydrogel properties in a one-pot procedure, lowering the 
volume-phase transition temperature of resulting hydrogels with increasing ME content. The 
remaining allyl groups in PAllA hydrogels can be further utilized for post-gelation modification, 
e.g. by thiol-containing dyes and drugs. As another example, PMA partially modified by allylamine 
was utilized for the development of supramolecular materials crosslinked by ureidopyrimidinone 
dimerization. 

Overall, TBD-catalyzed amidation is a powerful tool in macromolecular engineering, allowing the 
full or partial modification of polymers with pendant ester groups and synthesis of photocurable 
materials. For example, we have additionally utilized this approach for the functionalization of 
poly(2-oxazoline)s. 
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Upcycling of organometallic polymers 

Rebekka S. Klausen, klausen@jhu.edu. Johns Hopkins University, Baltimore, Maryland, United 
States  

Chemical upcycling of polymers, or postpolymerization functionalization, poses unique chemical 
challenges including selectivity for functionalization without backbone fragmentation and loss of 
molecular weight control. The chemical structure of prganometallic polymers, e.g., polysilanes, 
polysiloxanes, or polyaminoboranes, introduce additional chemoselectivity challenges. This talk 
will describe efforts to understand fundamental chemical selectivity and reactivity in the 
postfunctionalization of polymeric materials derived from main group elements. 
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Design of Polymers Toward Upcycling 

Synthesis and application of degradable vinyl polymers 

Christopher M. Bates, cbates@ucsb.edu. Materials, University of California Santa Barbara, 
Santa Barbara, California, United States  

Vinyl polymers are typically non-degradable due to the carbon-carbon bonds along their 
backbones, which presents a considerable challenge in resolving the plastic waste calamity. 
While a variety of radical ring-opening chemistries are now available to incorporate degradable 
bonds along the backbone of traditional vinyl polymers, many such examples are limited to fairly 
low molecular weights that are insufficient to form materials with attractive mechanical properties. 
This talk will discuss the synthesis and characterization of degradable vinyl polymers with an 
emphasis on high molecular weights that are key for emerging applications such as pressure 
sensitive adhesives. 
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Design of Polymers Toward Upcycling 

Radical ring-opening polymerization: A new route to polymer upcycling ? 

Yohann Guillaneuf, yohann.guillaneuf@gmail.com. Aix-Marseille Universite, Marseille, 
Provence-Alpes-Côte d'Azu, France  

Among the different classes of polymers, vinyl polymers are used in a wide range of applications. 
The development of degradable polymer is currently the focus of great attention given their 
extensive use in many different areas including (nano)medicine, microelectronics and packaging. 
Nevertheless, due to its radical mechanism such vinyl-based polymers contain a carbon 
backbone and cannot be degraded, which is a detrimental for the environment. 

The degradability of a polymer can be provided by the insertion of labile functions in the polymer 
backbone by copolymerization. The development of the radical ring-opening polymerization 
(rROP) in the 1980s, allowed for example the incorporation of esters in the carbon chain via the 
copolymerization of Cyclic Ketene Acetals (CKA). Our study consists in understanding the impact 
of the structure of the cyclic monomer on the degradability of the copolymer obtained. The 
degraded polymer thus produced telechelic oigomers that could be good building blocks for 
polymer upcycling. Key parameters for the preparation of well defined telechelic oligomers will be 
presented and preliminary repolymerization will be discussed. 
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Dynamic Covalent & Supramolecular Polymer Networks: 

 
Tuesday, 08:00am - 12:00pm USA / Canada - Central - 
August 23, 2022 | Location: S105bc (McCormick Place 
Convention Center) 
Piril Ertem, Organizer, Presider; Svetlana Morozova, 
Organizer, Presider; Ralm Ricarte, Organizer, Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 08:00am - 08:05am 
 
3739766 - Hydrogels with tunable viscoelasticity enabled 
by dynamic thiol exchange reactions 
08:05am - 08:25am  
Vivian Zhang, Presenter; Joseph Accardo; Carrie Ou; Prof. 
Julia Kalow 
 
3738553 - Dynamic hydrogels from host–guest 
supramolecular crosslinking 
08:25am - 08:45am  
Prof. Matthew J Webber, Presenter 
 
3738714 - Use of pH to control multiscale properties in 
dynamic covalent hydrogels 
08:45am - 09:05am  
Thomas FitzSimons, Presenter; Anne Crowell; Adrianne 
Rosales 
 
3755272 - Stereochemistry-directed cross-linking of 
dynamic hydrogels 
09:05am - 09:25am  
Israt Jahan Duti; Emma Laudermilch; Jonathan Paul; 
Vincent Gray; Rachel Letteri, Presenter 
 
3744736 - Squaramide-based supramolecular biomaterials 
09:25am - 09:45am  
Roxanne Kieltyka, Presenter 
 
Intermission - 09:45am - 09:50am 
 
3738059 - Engineering synthetic condensates using 
peptide-based polyelectrolyte complexes 
09:50am - 10:20am  
Lorraine Leon Gibbons, Presenter 
 
3735756 - Squid-inspired polypeptides as dynamic self-
healing materials 
10:20am - 10:40am 
Prof. Abdon Pena-Francesch, Presenter 
 
3736481 - Injectable polymer-nanoparticle hydrogels 
enable small molecule drug delivery for local 
immunotherapy 

10:40am - 11:00am  
Shreya Soni, Presenter; Arielle D'Elia; Arielle D'Elia; Sylvia 
Cho; Christopher Rodell 
 
3736278 - Hyperbranched polymer hydrogels with large 
stimuli-responsive changes in storage moduli and 
peroxide-induced healing 
11:00am - 11:20am  
Prathyusha Chimala; Neil Ayres, Presenter 
 
3744211 - Dynamics in saloplastics 
11:20am - 11:40am  
Khalil Akkaoui, Presenter; Joseph Schlenoff 
 
3727148 - Effect of polyelectrolyte architecture on 
polyelectrolyte complexation 
11:40am - 12:00pm  
Kaden Stevens, Presenter; Matthew Tirrell 
 
Dynamic Covalent & Supramolecular Polymer Networks: 

Tuesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 23, 2022 | Location: S105bc (McCormick Place 
Convention Center) 
Piril Ertem, Organizer, Presider; Svetlana Morozova, 
Organizer, Presider; Ralm Ricarte, Organizer, Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 02:00pm - 02:05pm 
 
3752937 - Programming liquid crystalline elastomers 
facilitated by dynamic chemistry 
02:05pm - 02:25pm  
Timothy White, Presenter 
 
3743748 - Structure-property relationships in dynamic 
liquid crystal elastomers as adaptive adhesives 
02:25pm - 02:45pm  
Charles Lindberg, Presenter; Elina Ghimire; Sohaila 
Abdelhamid; Stuart Rowan 
 
3733986 - Characterizing the formation of strain-induced 
supramolecular structures in dynamic polymer networks 
02:45pm - 03:05pm  
Christopher Cooper, Presenter; Zhenan Bao 
 
3737041 - From molecular exchange to stress relaxation in 
phase separated dynamic covalent networks 
03:05pm - 03:25pm  
Neil Dolinski, Presenter; Ran Tao; Nicholas Boynton; 
Anthony Kotula; Charles Lindberg; Aaron Forster; Stuart 
Rowan 
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3739643 - Tempering plastics: Programmable mechanical 
properties in phase-separated dynamic polymer networks 
03:25pm - 03:45pm  
Nicholas Boynton, Presenter; Joseph Dennis; Neil Dolinski; 
Charles Lindberg; Alex Crolais; James Lettow; Dr. Stephanie 
L Vivod; Dr. Shrayesh Patel; Stuart Rowan 
 
Intermission - 03:45pm - 03:50pm 
 
3740352 - Reconfigurable Diels-Alder polymer networks 
and nanocomposites 
03:50pm - 04:20pm  
Svetlana Sukhishvili, Presenter; Qing Zhou; Zhen Sang; 
Frank Gardea 
 
3740801 - Controlling crystallinity and stacking of 2D 
covalent organic frameworks through side-chain 
interactions 
04:20pm - 04:40pm  
Chloe Pelkowski, Presenter; Haoyuan Li; Anusree Natraj; 
David Burke; Prof William Dichtel 
 
3741864 - 2D imine-linked covalent organic frameworks 
for preferential adsorption of cyclohexane over benzene 
04:40pm - 05:00pm  
Anusree Natraj, Presenter; Kareem Mahmoud; Woojung Ji; 
Ioannina Castano; Mohamed Ateia; Nathan Gianneschi; 
Prof William Dichtel 
 
3741072 - Integrating supramolecular interactions into 
covalent organic frameworks toward advanced catalysis 
05:00pm - 05:20pm  
Yanli Zhao, Presenter 
 
3737028 - Supramolecular polymer networks of ion-
coordinated polybenzimidazole with simultaneously 
improved H2 permeability and H2/CO2 selectivity 
05:20pm - 05:40pm  
Haiqing Lin, Presenter; Leiqing Hu, Vinh Bui 
 
3735859 - Exploring new building blocks for healable 
metallosupramolecular polymers 
05:40pm - 06:00pm  
Franziska Marx, Presenter; Malte Beccard; Laura 
Neumann; Stephen Schrettl; Dr. Christoph Weder 
 
Dynamic Covalent & Supramolecular Polymer Networks: 

Wednesday, 08:00am - 12:00pm USA / Canada - Central - 
August 24, 2022 | Location: S105bc (McCormick Place 
Convention Center) 
Piril Ertem, Organizer, Presider; Svetlana Morozova, 
Organizer, Presider; Ralm Ricarte, Organizer, Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 

 
Introductory Remarks - 08:00am - 08:05am 
 
3752666 - Janus cross-links in supramolecular networks 
08:05am - 08:25am  
Swagata Mondal; Jacob Lessard; Chhuttan Meena; 
Gangadhar Sanjayan; Prof. Brent S Sumerlin, Presenter 
 
3743046 - New thermoplastic polyurethanes (TPUs) via 
non-covalent interactions 
08:25am - 08:45am  
Simon Fawcett, Presenter; Andrew Slark 
 
3735312 - Molecular replication process drives 
supramolecular polymerization 
08:45am - 09:05am  
Yuanning Feng, Presenter; Douglas Philp 
 
3734890 - Computationally guided design of polymer-
coated microparticles as reusable materials 
09:05am - 09:25am  
Lauren Abbott, Presenter; Andrew Santos; Miranda 
Beaudry; Samantha Applin; Hannes Schniepp; Bryce 
Horvath; Christopher Wohl 
 
3744179 - Transesterification in photo-CuAAC networks via 
amine-centered crosslinkers 
09:25am - 09:45am  
Mukund Kabra, Presenter; Christopher Kloxin 
 
Intermission - 09:45am - 09:50am 
 
3740316 - Tuning associative exchange rates in vitrimers 
and gels 
09:50am - 10:20am  
Prof. Julia Kalow, Presenter 
 
3739899 - Poly(diketoxime) networks: Adjusting bond 
exchange to tune vitrimer properties 
10:20am - 10:40am  
Isaiah Dishner; Virginia Mullins; John Peyrefitte; Logan 
Dugas; Bernardo Barea Lopez; Lina Ghanbari; Travis 
Thornell; Prof. Yoan C Simon, Presenter 
 
3753986 - Withdrawn - 10:40am - 11:00am  
 
3755462 - Control of dynamics and mechanical properties 
of elastic vitrimer by tailoring the substituents of boronic 
ester 
11:00am - 11:20am  
Zoriana Demchuk, Presenter; Xiao Zhao; Zhen Zhang; 
Sheng Zhao; Alexei Sokolov; Dr. Pengfei Cao 
 
3740936 - Using fluxional small molecule to access the next 
generation covalent adaptive materials 
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11:20am - 11:40am  
Brian Sun, Presenter; Matthew Golder; Matthew Ross 
Golder 
 
3750585 - Dynamic bottlebrush materials 
11:40am - 12:00pm  
Christopher Bates, Presenter 
 
Dynamic Covalent & Supramolecular Polymer Networks: 

Wednesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 24, 2022 | Location: S105bc (McCormick Place 
Convention Center) 
Piril Ertem, Organizer, Presider; Svetlana Morozova, 
Organizer, Presider; Ralm Ricarte, Organizer, Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 02:00pm - 02:05pm  
 
3745038 - Dynamic covalent chemistry in polyanhydride 
networks 
02:05pm - 02:25pm  
Kelly Tillman; Patrick Mather; Devon Shipp, Presenter 
 
3736456 - Recent advances of the ESPUR reversibly 
assembling materials project 
02:25pm - 02:45pm 
Miranda Beaudry, Presenter; Hannes Schniepp; Samantha 
Applin; Bryce Horvath;Christopher Wohl 
 
3743100 - Transesterification in dynamic polyester 
elastomers crosslinked with aliphatic dianhydrides 
02:45pm - 03:05pm  
Marianne Meyersohn, Presenter; Farihah Haque; Marc 
Hillmyer 
 
3744378 - Dynamic particle-based bonds in polymer 
networks 
03:05pm - 03:25pm 
S. Eileen Seo, Presenter 
 
3734329 - Withdrawn - 03:25pm - 03:45pm 
 
Intermission - 03:45pm - 03:50pm 
 
3729047 - Vitrimerization: A novel concept to recycle 
thermoset waste via dynamic chemistry 
03:50pm - 04:20pm  
Alireza Bandegi; Ica Manas-Zloczower, Presenter 
 
3743991 - Fiber-reinforced vitrimer composites with multi-
cycle recyclability 
04:20pm - 04:40pm  

Natasha Ghezawi, Presenter; Zhengping Zhou; Sungjin Kim; 
Christopher Bowland; Bingrui Li; Amit Naskar; Dr. Md 
Anisur Rahman; Dr. Tomonori Saito 
 
3735173 - Polymer welding of soft and stiff epoxy 
thermosets via silanolates 
04:40pm - 05:00pm  
Dr. Amelia A Putnam Neeb, Presenter; Jordan Kaiser; 
Amber Hubbard; Dhriti Nepal; Luke Baldwin 
 
3738082 - In-situ phenylethynyl crosslinking of polyimides 
for shape-momory objects 
05:00pm - 05:20pm  
Matthew Baczkowski, Presenter; Zhenning Yu; David 
Wang; Loon-Seng Tan 
 
3743397 - Photo-curing 3D printing of sacrificial tooling for 
fabricating hollow lightweight composites 
05:20pm - 05:40pm  
Baoming Zhao, Presenter; Cheng Hao; Yu-Chung Chang; 
Jinwen Zhang 
 
3748402 - Soft mechanochemistry of dynamic covalent 
polymer networks 
05:40pm - 06:00pm  
Harm Klok, Presenter 
 
Dynamic Covalent & Supramolecular Polymer Networks: 

Thursday, 08:00am - 11:30am USA / Canada - Central - 
August 25, 2022 | Location: S105a (McCormick Place 
Convention Center) 
Piril Ertem, Organizer; Svetlana Morozova, Organizer; Ralm 
Ricarte, Organizer; William Lenart, Presider 
Session Type: Oral - Hybrid 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 08:00am - 08:05am 
 
3740516 - Withdrawn - 08:05am - 08:25am 
 
3740760 - Directed network structure through controlled 
radical photopolymerization 
08:25am - 08:45am  
Huayang Fang, Presenter; Allan Guymon 
 
3742218 - Reactive supramolecular nanostructures 
08:45am - 09:05am  
Yukio Cho; Ty Christoff-Tempesta; Julia Ortony, Presenter 
 
3742678 - Light-induced mechanical response in 
poly(alkylurea urethane) networks containing azobenzene 
compounds 
09:05am - 09:25am  
William Lenart, Presenter; Stuart Rowan 
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3739212 - Dynamic organoborane polymer networks via B-
N Lewis pair formation 
09:25am - 09:45am  
Fernando Vidal; Monika Baraniak; Beijia Chen; Dr. Frieder 
Jaekle, Presenter 
 
Intermission - 09:45am - 09:50am 
 
3726833 - Regulating the supramolecular assembly of 
synthetic polypeptides by particle-based artificial 
nucleation factors 
09:50am - 10:10am  
Tianjian Yang, Presenter; Kyle Benson; Hailin Fu; Tianrui 
Xue; Challa Kumar; Jianjun Cheng; Yao Lin 
 
3738149 - DNA-inspired guanine and cytosine-containing 
acrylic copolymers as supramolecular adhesives 
10:10am - 10:30am  
Boer Liu, Presenter; Glenn Spiering; Robert Moore; 
Timothy Long, Presenter 

 
3742275 - Living lateral growth of cylinders (on demand)  
10:30am - 10:50am  
Dr. Hui Sun, Presenter 
 
3755499 - Dynamic covalent assembly of peptoid-based 
ladder oligomers employing thermally reversible Diels–
Alder cycloaddition 
10:50am - 11:10am  
Samuel Leguizamon; Abdulla Alqubati, Presenter; Timothy 
Scott 
 
3725701 - Dynamic hydrogels based on the orthogonal 
combination of reversible C=N bonds and metal-
terpyridine coordination bonds 
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Hydrogels with tunable viscoelasticity enabled by dynamic thiol exchange reactions 

Vivian Zhang, vivian.zhang@northwestern.edu, Joseph Accardo, Carrie Ou, Julia A. Kalow. 
Chemistry, Northwestern University, Evanston, Illinois, United States  

The incorporation of dynamic covalent chemistries into polymer networks enables capabilities 
such as self-healing, responsiveness, and adaptability. Hydrogels, a subset of polymer networks 
that are water-swollen and biocompatible, recapitulate viscoelastic features of natural tissues like 
stress relaxation when dynamic crosslinks are incorporated. Most hydrogels exchange through 
dissociative reaction mechanisms, but in these materials, the properties of stiffness and stress 
relaxation are challenging to decouple. We are interested in developing crosslinkers that 
exchange through associative pathways and therefore enable tuning of the rate of exchange and 
stress relaxation independently of crosslink density and stiffness. Towards this effort, we 
synthesized two series of thioalkylidene and thioester crosslinkers and used them to fabricate 
poly(ethylene glycol)-based hydrogels. By using principles of molecular reactivity, such as 
electronic effects, internal catalysis, and pre-organization, we tuned molecular exchange rates 
over multiple orders of magnitude. In hydrogels, these trends translated to changes in the 
timescale of stress relaxation. This work offers fundamental insight into how changing the 
reaction landscape of crosslinker exchange affects macromolecular network flow. We envision 
that these hydrogels contribute a means to study unexplored biomechanical mechanisms 
underlying physiology and disease. 
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Dynamic hydrogels from host–guest supramolecular crosslinking 

Matthew J. Webber, mwebber@nd.edu. University of Notre Dame, Notre Dame, Indiana, United 
States  

The recognition afforded by macrocycle hosts in binding to a suite of different guests enables 
routes to rationally design soft materials from the molecular scale so as to empower specific and 
tunable functionality. A subset of macrocyclic host–guest chemistries are able to achieve affinities 
approaching that for biotin-avidin, offering a non-covalent approach to enable recognition in 
complex environments. In the context of their use as biomaterials and drug delivery devices, the 
modularity of such interactions facilitates opportunities to combine bioactivities or therapeutic 
payloads within a single delivery platform, as well as routes to the facile incorporation of targeting 
motifs for functional delivery even in the complex biological milieu. Using one particular 
macrocycle, CB[7], which affords binding affinities (Keq) to a range of guests extending over ~8-10 
orders of magnitude, we have probed the parameter of host–guest affinity in the design of 
assorted supramolecular hydrogels. The affinity of crosslinking interactions in this platform 
enables a molecular-scale approach to control the bulk dynamics of the material, translates to 
tunable release of macromolecular payloads, and dictates the rate of immune cell infiltration and 
material clearance in vivo. In building on these responsive soft materials, photo-responsive guest 
chemistries are also explored for external and reversible control of the affinity and dynamics of 
supramolecular recognition. Using a larger macrocycle, CB[8], ternary complex formation then 
enables dynamic crosslinking of macromers using the soluble macrocycle bound to two guests 
simultaneously. The CB[8] macrocycle furthermore catalyzes reversible light-mediated 
cycloaddition of certain guests, offering an external stimulus to convert reversibly between 
dynamic supramolecular and covalent elastic crosslinking for soft materials in situ. Finally, 
hydrogel states are also possible through transiently upgrading guest binding affinity, enabling 
temporal control over material formation and crosslinking dynamics. 
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Use of pH to control multiscale properties in dynamic covalent hydrogels 

Thomas FitzSimons, thfi4373@utexas.edu, Anne D. Crowell, Adrianne Rosales. McKetta 
Department of Chemical Engineering, The University of Texas at Austin, Austin, Texas, United 
States  

Dynamic covalent hydrogel systems have attracted increased attention due to their potential in a 
variety of applications, including drug delivery, self-healing, and adhesives. The rate of exchange 
of the crosslinking mechanism plays a significant role in the utility of these systems, but more 
research is required to fully understand how environmental conditions can be leveraged to control 
the dynamics of these systems. Specifically, the reversible Michael addition reaction has recently 
been shown to create dynamic hydrogels at physiological conditions with viscoelastic properties. 
The mechanism for this reaction indicates that pH plays a key role in both the forward and 
reverse reactions. Considering this, we have investigated how pH affects hydrogel properties at 
multiple scales. First, we investigated how pH affects the kinetics of bond exchange in reversible 
conjugate addition crosslinked poly(ethylene-glycol) based hydrogels. As the pH increased from 
pH 3 to pH 7, both the forward and reverse rate constants of bond exchange increased as well. 
Interestingly, the reverse rate constant increased faster than the forward rate constant, leading to 
an overall decrease in the reaction equilibrium. Next, we used shear oscillatory rheology to probe 
the effect of pH on the bulk modulus of the hydrogel. As pH increased, the overall network 
modulus decreased, leading to softer hydrogels. Bulk mass loss studies indicated faster hydrogel 
erosion at higher pH as well. To demonstrate potential utility of this pH responsive behavior, we 
investigated whether these differences could be leveraged to control the release of an 
encapsulated fluorescent model protein upon physiologically relevant changes in pH. As the pH 
changed from pH 3 to pH 7, there was a significant increase in the dissolution rate of the 
hydrogel, as well as an increase in the rate at which the encapsulated protein was released from 
the hydrogel. Overall, these results demonstrate how changes in dynamic covalent crosslink 
exchange rate can lead to predictable changes in the hydrogel mechanics, and how these 
differences can be leveraged for potential applications in the field of drug delivery. 
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Stereochemistry-directed cross-linking of dynamic hydrogels 

Israt Jahan Duti, Emma Laudermilch, Jonathan Paul, Vincent Gray, Rachel A. Letteri, 
rl2qm@virginia.edu. University of Virginia School of Engineering and Applied Science, 
Charlottesville, Virginia, United States  

Blending complementary stereoregular macromolecules yields stereocomplexed materials that 
exhibit enhanced thermal and mechanical properties, binding affinity, and biochemical stability 
relative to materials comprised of either component alone. This talk will describe our labs efforts 
to develop stereocomplex-based cross-links from complementary d- and l-peptides to control the 
properties of polymer hydrogels. Relative to other peptide-based cross-links in dynamic 
hydrogels, stereochemistry-directed cross-links offer exceptional stability in the presence of 
degrading enzymes and, conceivably, an expanded range of binding strengths. To unlock the 
potential of peptide stereocomplex cross-links in dynamic biomaterials, we need to understand 
how the d- and l-peptide sequences comprising the cross-links impact the properties of the 
biomaterials. Therefore, we prepared a series of d- and l-helical peptides varying in length, 
charge, and hydrophobicity and attached them to 4-arm star polyethylene glycol (PEG). While 
conjugates decorated with d- or l-peptides flowed in aqueous solution, blending complementary 
conjugates generated hydrogels in cases where the peptide cross-links were sufficiently 
hydrophobic, even in the presence of repulsive electrostatic interactions. Going forward, we are 
excited to continue to determine the design rules correlating peptide cross-linker sequence to the 
properties of dynamic hydrogels with stereochemistry-directed cross-links. 
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Squaramide-based supramolecular biomaterials 

Roxanne Kieltyka, r.e.kieltyka@chem.leidenuniv.nl. Universiteit Leiden, Leiden, Zuid-Holland, 
Netherlands  

The application of adaptive materials in areas from biomedicine to electronics has invigorated the 
development of new supramolecular materials with specific function. Due to the non-covalent 
interactions that hold them together, these polymers show great potential because of their easy 
preparation with tailorable compositions, environmental responsiveness, self-healing upon 
damage, and recyclability. In the biomaterials field, their straightforward processing permits the 
mixing of monomers functionalized with biomolecules such as peptides, and their responsiveness 
to different stimuli opens the door to designer materials that can be used to deliver therapeutic 
payloads or as scaffolds for tissue engineering. In order to realize these end-stage applications, 
there is a need for structurally simple monomers with high synthetic accessibility that can robustly 
self-assemble into polymeric architectures in the presence of complex molecular cargo. 
Squaramides, structurally minimal ditopic hydrogen-bonding units, show tremendous potential in 
this regard due to their high synthetic accessibility starting from commercially available precursors 
and capacity to engage in strong non-covalent interactions. In this talk, I will share our exploration 
of the squaramide synthon as a building block for supramolecular polymers and their introduction 
in nanoparticles and hydrogel materials for use in drug delivery and 3D cell culture. 
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Engineering synthetic condensates using peptide-based polyelectrolyte complexes 

Lorraine F. Leon Gibbons, lorraineleon@gmail.com. Materials Science & Engineering, 
University of Central Florida, Orlando, Florida, United States  

Biological condensates (membraneless organelles) are liquid droplets consisting of proteins and 
nucleic acids that form within cells and carefully regulate biochemical reactions. These droplets 
are dynamic, have been shown to coalesce within cells, and can form and dissipate in response 
to biological and environmental signals. Many condensates have multiphase structure where 
different cellular components are sequestered into different layers, each with their own function. 
Here we discuss designing synthetic condensates to regulate biochemical reactions outside of 
cells. The synthetic condensates are formed via complex coacervation of oppositely charged 
polypeptides. Complex coacervation is a liquid-liquid phase separation that occurs via enthalpic 
charge interactions and entropic effects from the release of counterions and hydration water. We 
have created a library of different polypeptide sequences that incorporate various charge 
patterns, hydrophobic amino acids, and aromatic amino acids in the sequence. In addition, our 
sequences incorporate different chiral patterns of amino acids that bias the formation of liquid 
complex coacervates by preventing hydrogen bonding between the polypeptides know to form 
solid polyelectrolyte complexes. With this library we aim to explore the effects on the stability, 
encapsulation selectivity, and materials properties of the coacervate phase. Moreover, we mix 
coacervate phases with different interfacial tensions to create multiphase droplets and explore 
their function as synthetic condensates. 

 

 
Mulitphase Complex Coacervates 
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Squid-inspired polypeptides as dynamic self-healing materials 

Abdon Pena-Francesch, abdon@umich.edu. Materials Science and Engineering, University of 
Michigan, Ann Arbor, Michigan, United States  

Squids have developed predatory teethed structures in their suction cups that are composed of 
structural proteins. Unlike other hard tissue in cephalopods, these biological materials are 
stabilized by β-sheet nanocrystalline structures that give rise to high-strength materials without 
mineralization. Here, we introduce cephalopod-inspired polypeptides with a repetitive diblock 
design (alanine-rich and glycine-rich blocks) that self-assemble into β-sheet nanocrystalline 
structures. These β-sheet nanocrystals act as physical and reversible hydrogen-bonded 
crosslinks in supramolecular protein networks, where β-sheet size and network topology regulate 
the physical properties. We demonstrate the dynamic properties of squid-inspired polypeptides in 
self-healing networks with healing strength and kinetics (~25 MPa strength after 1 second of 
healing) surpassing those typically found in other natural and synthetic soft polymers. This family 
of proteins and their biosynthetic derivatives open new opportunities in bioinspired design for 
adaptive functional materials, and we demonstrate their potential in actuator prototypes for 
applications in soft robotics and wearable technology. 

 

 
Healing of puncture damage in a squid-inspired protein thin film. 
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Injectable polymer-nanoparticle hydrogels enable small molecule drug delivery for local 
immunotherapy 

Shreya Soni, sss397@drexel.edu, Arielle M. D'Elia, Sylvia Cho, Christopher B. Rodell. School of 
Biomedical Engineering, Science and Health Systems, Drexel University, Philadelphia, 
Pennsylvania, United States  

Small molecule immunotherapeutics are readily available to treat inflammatory diseases, ranging 
from cancer and heart disease. Their efficacy, however, remains limited by poor solubility, rapid 
clearance, and off-target effects in other tissues. Injectable hydrogels enable minimally invasive 
and localized delivery to overcome these challenges. Here, we develop an injectable hydrogel for 
small molecule drug delivery (Fig. 1A), composed of cyclodextrin nanoparticles (CDNPs) 
dynamically crosslinked by adamantane-modified hyaluronic acid (Ad-HA). 

Individual components, CDNP and Ad-HA, are viscous solutions that form a viscoelastic hydrogel 
when mixed (Fig. 1B). The hydrogels exhibit shear-thinning under high strain for ease of injection 
and rapid self-healing for retention in the tissue (Fig. 1C). Hydrogel properties are dependent on 
crosslinking density, controlled via Ad-HA modification (25% or 50% of HA units), component 
concentrations (2.5 to 10wt%), the ratio of guest to host components, and molecular weight of Ad-
HA. High Ad-HA modification (50%) and a 1:1.5 ratio of Ad-HA:CDNP formed gels with greatest 
G’ and the slowest rate of degradation (Fig. 1D). Celastrol was encapsulated as a model anti-
inflammatory drug (IC50<100nM for NF-κB inhibition); drug affinity for CD enables controlled 
release (Keq=0.474mM, determined by SPR). Celastrol was released in bioactive concentrations 
for >14 days in vitro, with >80% knockdown in inflammatory pathway activity (Fig. 1E). In sum, 
the polymer-particle hydrogels developed exhibit sustained release of immunomodulatory drugs 
and injectable properties that enable their application towards localized immunotherapy. 
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Hyperbranched polymer hydrogels with large stimuli-responsive changes in storage 
moduli and peroxide-induced healing 

Prathyusha Chimala, Neil Ayres, ayresni@ucmail.uc.edu. Department of Chemistry, University of 
Cincinnati, Cincinnati, Ohio, United States  

Hydrogels with the ability to repair damage or undergo controllable changes in stiffness and 
swelling are becoming increasingly important in multiple technologies. For example, hydrogels 
performing as dynamic matrices are able to more accurately capture cellular processes such as 
fibrosis compared to static hydrogels. In the work we report here, gels have been prepared using 
hyperbranched polymers containing pendent thiols. Hydrogels were prepared by crosslinking the 
hyperbranched polymers with an ene-containing polyethyleneglycol resulting in gels with 
permanant covalent rosslinks and reversible dynamic disulfide crosslinks. Softening experiments 
with these gels resulted in stiffness changes of around 8.5 kPa after a thiol-disulfide exchange 
reaction with a small-molecule thiol compared to only 4.5 kPa for gels made from linear polymers. 
The hydrogels also demonstrated healing behavior when treated with hydrogen peroxide, and 
healed gels with higher values of storage moduli could be obtained from using hyperbranched 
polymers. Collectively, these results demonstrate how polymer architecture can be used to 
increase the stimuli-responsiveness of synthetic hydrogels. It is anticipated that these results will 
be useful in in vitro models for studying cellular behavior with dynamic matrix changes. We have 
extended results to demonstrate that a layered hydrogel prepared using linear and 
hyperbranched polymers undergoes significant bending upon swelling. 

 

 
 
Storage moduli, G', before (black bar) and after softening of hydrogels (red bar) and then reducing with 
TCEP (blue bar) and after peroxide-induced healing of gels (pink bar) prepared using a) hb-poly(HPMA84-
stat-MEMA24) with 10 wt% solids, and b) l-poly(HPMA104-stat-MEMA16) maintaining the same thiol 
concentration as the hyperbranched polymers at that thiol to ene ratio. 
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Dynamics in saloplastics 

Khalil Akkaoui, ka18d@my.fsu.edu, Joseph B. Schlenoff. Chemistry and Biochemistry, Florida 
State University, Tallahassee, Florida, United States  

Polyelectrolyte complexes (PECs), which are produced by the complexation of two oppositely 
charged polymers (Pol+Pol-), are as intriguing as they are beneficial. Their properties have been 
studied extensively in the literature and their incorporation into many devices (such as solid state 
batteries) is an area of ongoing research. It is their unique transformative nature which makes 
them excellent candidates in material design. PECs can be cooled from liquid-like states to give 
amorphous solids at their glass transition temperature. PECs can also undergo transformations in 
morphology at a fixed temperature when salt counterions are introduced into the PEC, breaking 
the sticky interactions (Pol+Pol-) formed between oppositely charged monomer segments. The 
dynamics of such systems are expected to vary significantly as a function of temperature and 
salt. In fact, at very low salt content, the dynamics of a PEC made from PMAPTAC (Pol+: 
poly(methacrylamidopropyltrimethylammonium chloride)) and PMA-Na (Pol-: poly(sodium 
methacrylate)) show a much stronger dependence on chain length than predicted by classical 
theories of entangled polymers. Probing the dynamics at the shortest length scales helps to 
understand the origin of this exceptional behavior. This is possible in PECs because the 
dynamics of counter-ions can be excellent reporters of dynamics of monomer segments; the 
former can be studied via conductivity measurements. Shedding light on the interesting behavior 
of polymer chains in PECs will help in further exploiting their properties in material design. 
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Effect of polyelectrolyte architecture on polyelectrolyte complexation 

Kaden C. Stevens, kadenstevens@uchicago.edu, Matthew V. Tirrell. Pritzker School of 
Molecular Engineering, The University of Chicago, Chicago, Illinois, United States  

Polyelectrolyte complexes (PECs) are polymer rich phases which spontaneously form upon 
mixing oppositely charged polyelectrolytes in solution. The vast library of charged polymers that 
can associate into PECs provide a wide variety of potential chemical and physical properties. 
Unfortunately, it is currently very difficult to predict PEC properties based on the constituent 
polymers and there is no comprehensive understanding of how to tune the material properties of 
a given polyelectrolyte pair. In our work, we attempt to uncover chemically agnostic design 
principles in PECs by understanding the impact of polyelectrolyte architecture on PEC properties. 
To do this, we use atom-transfer radical polymerization (ATRP) to create a series of linear and 
star-shaped poly(glycidyl methacrylate) of comparable molecular weights and harness thiol-epoxy 
click chemistry to create oppositely charged, structurally analogous polyelectrolyte pairs to create 
ideal PECs. We then examine how architecture affects the salt stability, internal structure and 
mechanical properties of our PECs using optical microscopy, small-angle scattering and 
rheology. Through our work, we have identified structure-property relationships based on 
polyelectrolyte architecture, which will enable rational design of the next generation of 
polyelectrolyte-based materials. 
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Programming liquid crystalline elastomers facilitated by dynamic chemistry 

Timothy J. White, timothy.j.white@colorado.edu. University of Colorado Boulder, Boulder, 
Colorado, United States  

Liquid crystalline elastomers are stimuli-responsive materials capable of large deformation when 
subject to heat, light, or electric field. They are increasingly considered for functional use in 
applications in soft robotics, medicine, and consumer goods. Our recent research efforts have 
generally focused on enhancing the stimuli-response of these materials by incorporating dynamic 
chemistries. In one example, our recent work demonstrates an enhancement in 
thermomechanical response attributable to the inclusion of supramolecular bonds in a dimeric 
mesogen in the polymer network. In another example, ongoing research in our laboratory has 
prepared materials with complex alignment via directed self-assembly that incorporate dynamic 
covalent bonds that facilitate additional programmability to the stimuli-response. 
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Structure-property relationships in dynamic liquid crystal elastomers as adaptive 
adhesives 

Charles Lindberg1, lindbeca@uchicago.edu, Elina Ghimire1, Sohaila Abdelhamid2, Stuart J. 
Rowan1. (1) Pritzker School of Molecular Engineering, The University of Chicago, Chicago, 
Illinois, United States (2) The University of Chicago, Chicago, Illinois, United States  

Dynamic liquid crystal elastomers (DLCEs) are a class of stimuli-responsive materials 
characterized by their unique optical and thermomechanical properties. These materials consist 
of polymer networks whose constituent polymers contain both liquid crystal mesogens and 
dynamic covalent bonds. When processed in a way that facilitates alignment of the liquid crystal 
domains, these materials exhibit thermally triggered two-way shape-memory behavior. While the 
shape memory is inherent to the nematic/isotropic liquid crystal phase transition, the incorporation 
of dynamic covalent bonds allows for reprocessing of the bulk material as well as provides an 
additional pathway for stress dissipation. Activation of these dynamic bonds coupled with an 
external stress allows for explicit programming of these domains to affect a specific shape-
memory behavior. To investigate how the properties of these materials could be tailored, the 
structures of the constituent polymers were systematically varied to determine how best to control 
these thermomechanical responses through mesogen architecture and non-LC chain extender 
content. By varying these components, both the temperatures of the glass transition and 
nematic/isotropic transition can be precisely tuned. Additionally, due to the enhanced network 
mobility afforded by the activation of the dynamic bond resulting in improved surface wettability, 
the adhesive character of these materials was also evaluated with respect to material 
composition and will be discussed. 
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Characterizing the formation of strain-induced supramolecular structures in dynamic 
polymer networks 

Christopher Cooper, cbcooper@stanford.edu, Zhenan Bao. Chemical Engineering, Stanford 
University, Stanford, California, United States  

In this talk, we will discuss the ordering and clustering of dynamic bonds in dynamic polymer 
networks under strain. In contrast to affine deformation, in which junction points in the network 
are assumed to deform uniformly, we show that the directional nature of many dynamic bonds 
can result in the formation of highly anisotropic strain-induced supramolecular structures from 
isotropic amorphous polymer films. These structures enable exceptionally high energy density 
shape memory polymers with large recovery stress, due to the stabilization of highly stretched 
chains by the formation of ordered dynamic bonding domains. The high extent of structure 
formation is clear from an increase in small-angle x-ray scattering intensity by over two orders of 
magnitude, from AFM images of the strained sample showing the emergence of ordered, periodic 
nanofibers, and from macroscopic stress whitening of the bulk films indicating the emergence of 
large domains. We synthesize alternative molecular polymer architectures to better understand 
the origin of this strain-induced ordering and extend our design to achieve more complex shape 
actuation. This works shows that initially amorphous networks of dynamic covalent or 
supramolecular polymers can be molecularly-programmed to undergo assembly under strain and 
that this assembly can dramatically alter material properties. 

 

 
  



138 
 

Dynamic Covalent & Supramolecular Polymer Networks 

From molecular exchange to stress relaxation in phase separated dynamic covalent 
networks 

Neil Dolinski1, dolinski@ucsb.edu, Ran Tao2, Nicholas R. Boynton1, Anthony Kotula2, Charles 
Lindberg1, Aaron Forster2, Stuart J. Rowan1. (1) Pritzker School of Molecular Engineering, 
University of Chicago, Chicago, Illinois, United States (2) National Institute of Standards and 
Technology, Gaithersburg, Maryland, United States  

Connecting the molecular exchange dynamics to relaxation phenomena in dynamic covalent 
networks (DCNs), particularly those with non-heterogenous morphologies, is an essential aspect 
required for further development of the field. To this end, a series of DCNs were prepared using a 
suite of catalyst-free, room temperature dynamic thia-Michael chemistries and were compared 
against the exchange dynamics of their small molecule analogues. By modifying the electron-
withdrawing character of the benzalcyanoacetate-based acceptors, the rate of dynamic exchange 
can be tuned by orders of magnitude, giving access to networks with widely tunable relaxation 
properties. In addition, all networks studied display an emergent dynamic reaction-induced phase 
separation (DRIPS) phenomenon, leading to the formation of hard domains with distinct 
morphologies/thermal stabilities depending on the acceptor electronics, giving yet another handle 
for adjusting the relaxation properties. Interestingly, the stress relaxation was found to correlate 
1:1 with the molecular exchange kinetics, until the hard phase was thermally destabilized. 
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Tempering plastics: Programmable mechanical properties in phase-separated dynamic 
polymer networks 

Nicholas R. Boynton1, nrboynton@uchicago.edu, Joseph M. Dennis2, Neil Dolinski1, Charles 
Lindberg1, Alex Crolais3, James Lettow1, Stephanie L. Vivod4, Shrayesh Patel1,5, Stuart J. 
Rowan1,3,5. (1) Pritzker School of Molecular Engineering, The University of Chicago, Chicago, 
Illinois, United States (2) Combat Capabilities and Command, Army Research Laboratory 
Aberdeen Proving Ground, Aberdeen Proving Ground, Maryland, United States (3) Department of 
Chemistry, The University of Chicago, Chicago, Illinois, United States (4) NASA John H Glenn 
Research Center, Cleveland, Ohio, United States (5) Chemical Sciences and Engineering 
Division, Argonne National Laboratory, Lemont, Illinois, United States  

A series of dynamic covalent network films, which contain catalyst-free, room temperature 
dynamic thia-Michael bonds, were used to understand structure/property/processing relationships 
in materials that exhibit dynamic reaction-induced phase separation (DRIPS). The combination of 
dynamic bonds in a phase separated system yielded materials with shape memory behavior and 
facile reprocessability. Interestingly, it was possible to use a tempering process to effectively 
‘program’ the mechanical properties of the films, resulting in materials that could be readily 
converted from brittle to rubbery without changing the chemical composition of the network. 
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Reconfigurable Diels-Alder polymer networks and nanocomposites 

Svetlana A. Sukhishvili1, svetlana@tamu.edu, Qing Zhou1, Zhen Sang1, Frank Gardea2. (1) 
Department of Materials Science and Engineering, Texas A&M University, College Station, 
Texas, United States (2) DEVCOM Army Research Laboratory South, Weapons and Materials 
Research Directorate, COLLEGE STATION, Texas, United States  

Diels-Alder polymer (DAP) networks stabilized by temperature-responsive DA reaction possess 
several unique properties including temperature-triggered solid-to-liquid transition, facile 3D 
printing, re-processibility, self-healing and reconfigurability via the mechanism of solid-state 
plasticity. We will discuss the fundamental roles of kinetics, thermodynamics, and 
stereochemistry of DA reaction in polymer networks in providing these materials with the above 
properties. Additionally, the impacts of crosslinking density, crosslinker flexibility and the 
presence of endo and exo isomers of the DA adducts on mechanical properties, and rates of 
bond reshuffling during solid-state reshaping of DAP materials will be discussed. Finally, we will 
show that the ability of DAP networks to transfer to low-viscosity liquids upon heating and then 
quickly solidify upon cooling enables conductive nanocomposites with an extremely low 
percolation threshold which can be reconfigured via Joule heating. The nanocomposites preserve 
the capability of DAP networks to be 3D printed, self-heal, strongly interbond within multi-material 
constructs with mismatched mechanical properties and enable spatiotemporal control of shape 
reconfiguration. 
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Controlling crystallinity and stacking of 2D covalent organic frameworks through side-
chain interactions 

Chloe E. Pelkowski1, chloeep3579@gmail.com, Haoyuan Li2, Anusree Natraj1, David Burke1, 
William R. Dichtel1. (1) Chemistry, Northwestern University, Evanston, Illinois, United States (2) 
Shanghai University, Shanghai, Shanghai, China  

Covalent organic frameworks (COFs) are crystalline, permanently porous polymer networks 
whose tunable structures give rise to diverse topologies. Two-dimensional COFs are synthesized 
from monomers that can covalently link into 2D sheets and further assemble into crystalline 
networks held together by pi-pi interlayer interactions that give rise to various stacking motifs. 
Manipulating the stacking of 2D COFs is crucial, since it dictates pore topology, interactions with 
guest molecules, and electronic properties among others. However, the principles for tuning layer 
stacking are yet poorly understood. 

Towards this end, we systematically investigate effects of pendant chain length through an 
isoreticular series of 2D imine COFs functionalized with alkyl chains varying in length from one 
carbon (TAPB-DMTA) to eleven carbons (TAPB-PDA-OC11). In this series, we observe notable 
trends in both stacking geometry and crystallinity. TAPB-DMTA adopts an average eclipsed 
geometry with no apparent offset between layers. In contrast, all subsequent chain lengths lead 
to some degree of unidirectional slip stacking with layers being consistently offset in a particular 
direction. Counterintuitively, shorter chains (C2-C4) give rise to low yields of weakly crystalline 
materials, while longer chains (C5-C9) produce greater yields of highly crystalline, faceted COFs, 
as confirmed by in solvo X-ray diffraction and scanning electron microscopy. Molecular dynamics 
simulations corroborate these observations, suggesting that long alkyl chains may prevent 
deformation of sheets and facilitate ordered stacking. In situ proton NMR spectroscopy provides a 
deeper understanding of the reaction equilibrium as well as the relation between low COF yields 
and low crystallinity. 

This work provides fundamental insight into principles of supramolecular assembly in 2D COFs 
as well as demonstrating an opportunity for harnessing favorable side-chain interactions to 
produce highly crystalline materials. 
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2D imine-linked covalent organic frameworks for preferential adsorption of cyclohexane 
over benzene 

Anusree Natraj1, anusree@u.northwestern.edu, Kareem Y. Mahmoud2, Woojung Ji3, Ioannina 
Castano1, Mohamed Ateia4, Nathan C. Gianneschi1, William R. Dichtel1. (1) Chemistry, 
Northwestern University, Evanston, Illinois, United States (2) Chemistry, King Saud University, 
Riyadh, Riyadh Province, Saudi Arabia (3) Chemistry, University of Michigan, Ann Arbor, 
Michigan, United States (4) ORD/CESER, United States Environmental Protection Agency, 
Washington, District of Columbia, United States  

Covalent organic frameworks (COFs) are a class of porous, crystalline, two- and three-
dimensional polymers synthesized from multifunctional monomers based on directional bonding 
principles. The pore size, shape, and functionality can be independently tuned by modifying the 
constituent monomers, enabling the preparation of varied architectures for a multitude of 
applications, including catalysis, molecular separations, and chemical sensing. However, most 
syntheses reported to date produce COFs as unoriented aggregates of nanoscale crystallites, 
which precludes their use in many of the targeted applications. 

Towards higher quality COF materials, we recently discovered a new method to grow two-
dimensional (2D) imine-linked COFs as suspensions of faceted single crystals rather than 
polycrystalline powders. I will discuss how our synthetic method can be optimized for accessing 
solution-processable crystals of both hexagonal and tetragonal topologies 2D imine-linked COFs, 
which can be used as stationary phases in gas chromatography setups that exhibit highly efficient 
separations of organic compounds, superior to those achieved by high-quality polycrystalline 2D 
imine COFs and even commercially available stationary phases. Ongoing and future work will 
provide critical mechanistic insight into the well-controlled polymerization process that gives rise 
to high-quality 2D COF single crystals, ultimately allowing access to a diverse library of single-
crystalline 2D COFs that can be tailored for desired applications. 

 
Panels 1-2: Representative COF single crystals showing consistent morphology and crystallinity by SEM and high-resolution 
TEM; Panel 3: Representative gas chromatographic separation of benzene-cyclohexane mixture by various stationary phases 
(clear separation only seen with single crystalline COF as stationary phase)  
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Integrating supramolecular interactions into covalent organic frameworks toward 
advanced catalysis 

Yanli Zhao, zhaoyanli@ntu.edu.sg. School of Chemistry, Chemical Engineering and 
Biotechnology, Nanyang Technological University, Singapore, Singapore, Singapore  

Linkage chemistry is important for the synthesis of covalent organic frameworks (COFs), since it 
not only plays vital roles in the formation of COFs, but also has a significant impact on the 
properties of resulting materials. Although a considerable effort has been devoted to developing 
novel linkages via covalent modification of imine bond, the resultant COFs often suffer from 
decreased porosity, irreversible transformation and limited functionalities. Thus, developing more 
general strategies for improving the crystallinity, stability and functionalities of COFs is highly 
desired. In this study, we reported supramolecular interaction-integrated linkage engineering to 
fabricate 2D hydrazone-linked COFs for the coordination of diverse transition metal ions, and 
demonstrated that different coordination modes in 2D COFs have a significant influence on the 
properties of the resultant frameworks toward advanced catalysis. Multiple supramolecular 
interactions, including intra-/intermolecular hydrogen bonding, electrostatic interactions in 
antiparallel stacking as well as metal coordination interactions, were utilized to restrict the bond 
rotation of linkages in COFs. After coordination with suitable divalent transition metal ions (M), the 
resultant M/COFs exhibited extended π-conjugation, improved crystallinity, enhanced stability 
and additional functionalities as compared to the parent COFs. In particular, the coordination 
mode in Pd/COF endowed it with excellent catalytic activity and cyclic stability for Suzuki-Miyaura 
cross-coupling reaction, outperforming its amorphous counterparts. This work not only 
demonstrates that subtle changes in the scaffolds of COFs could greatly affect the corresponding 
catalytic performance, but also provides a strategy for modulating physicochemical properties of 
2D COFs via supramolecular linkage engineering. 
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Supramolecular polymer networks of ion-coordinated polybenzimidazole with 
simultaneously improved H2 permeability and H2/CO2 selectivity 

Haiqing Lin, haiqingl@buffalo.edu, Leiqing Hu, Vinh Bui. Chemical and Biological Engineering, 
University at Buffalo, Buffalo, New York, United States  

Supramolecular polymer networks (SPNs) comprising polymers interconnected by ions have 
been widely explored for gas separations. The non-covalent interactions between the ions and 
polymers can improve the packing efficiency of the polymer chains, size-sieving ability, and gas 
selectivity but decrease gas permeability. By contrast, this study shows that polybenzimidazole 
(PBI) is doped with Ni(CF3COO)2, forming SPNs with both improved H2 permeability and H2/CO2 
selectivity. PBI has been a leading membrane material for H2/CO2 separation, and the imidazole 
rings can be cross-linked by Ni2+ or Pd2+ ions. The chemical and structural characteristics of 
these SPNs are thoroughly investigated. Contradicting to the SPNs comprising PBI and polyprotic 
acids, the introduction of the metal ions increases free volume and thus gas permeability. More 
importantly, increasing the Ni2+ content increases H2/CO2 selectivity because of the bimodal free 
volume distributions, exceeding Robeson’s upper bound for H2/CO2 separation. For example, 
PBI-Ni(CF3COO)2 with the salt doping level of 0.17 displays H2 permeability of 62 Barrer at 150 C 
(~ 100% higher than the pristine PBI) and H2/CO2 selectivity of 15 (50% higher than PBI). The 
SPNs also exhibit improved mechanical properties and stable mixed-gas H2/CO2 separation 
performance at high temperatures. The success of these metal ion-coordinated SPNs may 
provide a new venue for designing next-generation membrane materials for various separations. 
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Exploring new building blocks for healable metallosupramolecular polymers 

Franziska Marx, franziska.marx@unifr.ch, Malte Beccard, Laura Neumann, Stephen Schrettl, 
Christoph Weder. Adolphe Merkle Institute, Universite de Fribourg, Fribourg, Switzerland  

Metallosupramolecular polymers (MSPs) are made by the assembly of ligand-functionalized 
(macro)monomers with suitable metal ions. The dynamic nature of the metal-ligand (ML) 
complexes makes the assembly reversible, so that exposure to UV-light or heat causes the 
temporary disassembly and thereby facilitates processing and enables useful responsive 
functions such as healing or reversible adhesion. While intriguing properties have been 
demonstrated for MSPs assembled with the tridentate 2,6-bis(1′-methylbenzimidazolyl) pyridine 
(Mebip) ligand, some of the materials display melting transitions of 250 °C or higher, which can 
render processing or stimulus-induced healing difficult due to potential thermal degradation 
processes. 

We now report the new bidentate ligand 1′-methylbenzimidazolyl pyridine (Bip) and a telechelic 
poly(ethylene-co-butylene) macromonomer carrying this motif. The ligand forms three-fold 
coordination complexes with various transition metal ions, which leads to the formation of a 
supramolecular polymer networks. The MSPs made with the new telechelic feature crystalline 
domains of the ML complexes with melting transitions well below 200 °C, and this permits facile 
(re)processing of these materials. Our results show that the bulk mechanical properties of these 
MSPs are correlated to the supramolecular bond lifetime and the extent of crystallinity. Upon 
exposure to UV-light, defects are readily healed and the original mechanical properties are 
recovered. The new Bip ligand, hence, offers a promising opportunity for further tailoring the 
materials properties of MSPs to make then useful for real-world applications. 

 
Differential scanning calorimetry (a) and uniaxial tensile testing (b) showing the correlation between the 
crystallinity of the materials and the mechanical properties. 
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Janus cross-links in supramolecular networks 

Swagata Mondal1, Jacob J. Lessard1, Chhuttan Meena2, Gangadhar J. Sanjayan2, Brent S. 
Sumerlin1, sumerlin@chem.ufl.edu. (1) Department of Chemistrry, University of Florida, 
Gainesville, Florida, United States (2) Organic Chemistry Division, Council of Scientific & 
Industrial Research, Pune, Pune, India  

Thermosets composed of cross-linked polymers demonstrate enhanced thermal, solvent, 
chemical, and dimensional stability as compared to their non-cross-linked counterparts. However, 
these often-desirable material properties typically come at the expense of reprocessability, 
recyclability, and healability. One solution to this challenge comes from the construction of 
polymers that are reversibly cross-linked. We relied on lessons from Nature to present 
supramolecular polymer networks comprised of cooperative Janus-faced hydrogen bonded cross-
links. A triazine-based guanine-cytosine base (GCB) with two complementary faces capable of 
self-assembly through three hydrogen bonding sites was incorporated into poly(butyl acrylate) to 
create a reprocessable and recyclable network. Rheological experiments and dynamic 
mechanical analysis (DMA) were employed to investigate the flow behavior of copolymers with 
randomly distributed GCB units of varying incorporation. Our studies revealed that the 
cooperativity of multiple hydrogen bonding faces yields excellent network integrity evidenced by a 
rubbery plateau that spanned the widest temperature range yet reported for any supramolecular 
network. To verify that each Janus-faced motif engages in multiple cross-links, we studied the 
effects of local concentration of the incorporated GCB units within the polymer chain. Mechanical 
strength improved by colocalizing the GCB within a block copolymer morphology. This enhanced 
performance revealed that the number of effective cross-links in the network increased with the 
local concentration of hydrogen bonding units. Overall, this study demonstrates that cooperative 
noncovalent interactions introduced through Janus-faced hydrogen bonding moieties confers 
excellent network stability and predictable viscoelastic flow behavior in supramolecular networks. 
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New thermoplastic polyurethanes (TPUs) via non-covalent interactions 

Simon Fawcett, safawcett1@sheffield.ac.uk, Andrew T. Slark. Chemistry, The University of 
Sheffield, Sheffield, Sheffield, United Kingdom  

Thermoplastic polyurethanes are classically phase separated multi-block copolymers. The 
cooperation of the hard and soft blocks allows for strength and flexibility to give high mechanically 
performing materials. The rigidity of the hard segment comes from strong intermolecular 
interactions between chains, however these physical forces also cause high melt viscosity and 
limit processing flexibility. This work aims to explore and understand ways of differentiating the 
solid and melt states of thermoplastic polyurethanes. 

Polyurethanes of low molecular weight (ca. 15 000 g/mol) were studied by altering the hydrogen 
bonding and structure of chain extenders within semi-crystalline poly(caprolactone)-MDI 
copolymers. Products were characterised and analysed via NMR and FTIR spectroscopy, GPC, 
DSC, DMA, rheology, adhesion and tensile testing to correlate structure with morphology and 
performance. Asymmetry of the chain extender decreased mechanical behaviour as a 
consequence of increased phase mixing and prevention of hard segment formation. Enhancing 
hydrogen bonding with urea groups produced phase separated materials with superior 
mechanical properties, showing a much finer morphology of the crystalline poly(caprolactone). 

This research shows how the degree of segment compatibility affects thermal and mechanical 
properties of low molecular weight thermoplastic polyurethanes and how behaviour can be 
tailored with careful design of chain extenders. 

 

 
Scheme 1. Thermoplastic polyurethane containing urea groups displays a finer morphology and higher 
mechanical properties. 
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Molecular replication process drives supramolecular polymerization 

Yuanning Feng1, yuanningfeng2021@u.northwestern.edu, Douglas Philp2. (1) Chemistry, 
Northwestern University, Evanston, Illinois, United States (2) Chemistry, University of St 
Andrews, St Andrews, Fife, United Kingdom  

Supramolecular polymers are materials in which the connections between monomers in the 
polymer main chain are noncovalent bonds. This area has seen rapid expansion in the last two 
decades and has been exploited in several applications. However, suitable contiguous hydrogen-
bond arrays can be difficult to synthesize, placing some limitations on the deployment of 
supramolecular polymers. We have designed a hydrogen-bonded polymer assembled from a 
bifunctional monomer composed of two replicating templates separated by a rigid spacer. This 
design allows the autocatalytic formation of the polymer main chain through the self-templating 
properties of the replicators and drives the synthesis of the bifunctional monomer from its 
constituent components in solution. The template-directed 1,3-dipolar cycloaddition reaction 
between nitrone and maleimide proceeds with high diastereoselectivity, affording the bifunctional 
monomer. The high binding affinity between the self-complementary replicating templates that 
allows the bifunctional monomer to polymerize in solution is derived from the positive 
cooperativity associated with this binding process. The assembly of the polymer in solution has 
been investigated by diffusion-ordered NMR spectroscopy. Both microcrystalline and thin films of 
the polymeric material can be prepared readily and have been characterized by powder X-ray 
diffraction and scanning electron microscopy. These results demonstrate that the approach 
described here is a valid one for the construction of supramolecular polymers and can be 
extended to systems where the rigid spacer between the replicating templates is replaced by one 
carrying additional function. 
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Computationally guided design of polymer-coated microparticles as reusable materials 

Lauren J. Abbott1, lauren.j.abbott@nasa.gov, Andrew P. Santos2, Miranda L. Beaudry3, 
Samantha Applin5,4, Hannes C. Schniepp5, Bryce Horvath4, Christopher Wohl4. (1) NASA Ames 
Research Center, Moffett Field, California, United States (2) AMA Inc, NASA Ames Research 
Center, Moffett Field, California, United States (3) National Institute of Aerospace, Hampton, 
Virginia, United States (4) NASA Langley Research Center, Hampton, Virginia, United States (5) 
Applied Science, William & Mary, Williamsburg, Virginia, United States  

Long-duration space exploration missions and sustained lunar or Martian surface operations 
present greater demands for multifunctional and reusable materials. By scaling down the amount 
of material to be launched from Earth, both mission cost and risk can be reduced. In this regard, 
leveraging in-space manufacturing capabilities with reusable feedstock materials is an attractive 
option, as it will allow for articles to be generated on demand, utilized, and then recycled for 
additional use. NASA’s Enabling Sustained Presence Using Recyclables (ESPUR) project aims 
to develop reusable materials using polymer-coated microparticles that are bonded via reversible 
Diels-Alder reactions, where only modest heat is needed to trigger the reverse reaction and 
enable reuse. For proof-of-concept demonstration, research is currently focused on the 
fabrication of epoxy microparticles that contain a copoly(carbonate urethane) coating with 
maleimide and furan functionalities. 

Here, we discuss the integration of computational materials modeling approaches to help 
navigate the large design space in this development effort. We perform molecular dynamics (MD) 
simulations with atomistic and coarse-grained models of the copolymer, which allow us to 
evaluate the effects of design parameters like the molecular weight and composition on the 
molecular interactions and chain dynamics. We show how the properties change with the 
reversible bonds. We also leverage discrete element method (DEM) simulations to assess how 
microparticle design parameters like the size ratio and volume fraction can be tuned to increase 
the packing density and number of microparticle contacts to improve the mechanical properties. 
Our results demonstrate how computational tools can be used in close collaboration with 
experimental efforts to accelerate material design. 
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Transesterification in photo-CuAAC networks via amine-centered crosslinkers 

Mukund Kabra, kabra@udel.edu, Christopher J. Kloxin. Department of Chemical and 
Biomolecular Engineering, University of Delaware, Newark, Delaware, United States  

Photo-initiated Cu(I) azide alkyne cycloaddition (photo-CuAAC) polymer networks have been 
explored for a variety of applications, ranging from dental materials to membranes. The photo-
CuAAC polymerization benefits from multiple synthetic advantages: spatial and temporal control 
over material formation, fast reaction kinetics, high conversion, and enhanced toughness. 
Reprocess-ability and heal-ability of damaged or aged thermosets can be achieved by 
incorporation of covalent dynamic bonds, which can allow for stress relaxation and flow of the 
material. By inserting monomers containing esters and hydroxyl pendant groups and amine 
centered crosslinkers into photo-CuAAC resins, stress relaxation is shown to occur in the cured 
networks by way of transesterification (TE) without the need for additional catalyst. The amine 
centered crosslinker provides the required catalytic activity for TE to occur and allows for stress 
relaxation and flow to occur within the network at elevated temperatures (T>Tg). The stress 
relaxation and flow behavior of the CuAAC vitrimer was tuned by varying the ratio of an amine 
centered to carbon centered alkyne crosslinker. The ability to reprocess and recycle high 
performance thermosets is a sought-after feature for the purpose of increasing material lifetime 
and sustainability. 
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Tuning associative exchange rates in vitrimers and gels 

Julia A. Kalow, jkalow@northwestern.edu. Chemistry, Northwestern University, Evanston, 
Illinois, United States  

In dynamic covalent polymer networks known as vitrimers, the topology is reconfigured through 
associative exchange reactions. These materials hold promise as repairable and recyclable 
thermosets and elastomers. Associative exchange mechanisms also enable control over stress 
relaxation independent of stiffness in dynamic gels. We have identified subtle structural changes 
to dynamic covalent crosslinkers that enable dramatic changes in exchange rates, which are 
translated to changes in flow in the networks. These studies are enabled by catalyst-free 
conjugate addition/elimination reactions that are highly sensitive to their environments. 
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Poly(diketoxime) networks: Adjusting bond exchange to tune vitrimer properties 

Isaiah T. Dishner1, Virginia C. Mullins1, John J. Peyrefitte1, Logan Dugas1, Bernardo Barea 
Lopez1, Lina Ghanbari1, Travis Thornell2, Yoan C. Simon1, Yoan.Simon@usm.edu. (1) School of 
Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, 
United States (2) US Army Engineer Research and Development Center, Vicksburg, Mississippi, 
United States  

Thermoset polymers pose a serious problem to sustainability initiatives due to their inherent lack 
of reprocessability. Vitrimers address this limitation by introducing dynamic crosslinks which 
enable material flow via associative exchange under tailorable conditions (e.g. temperature). 
Recently, diketoenamine/amine exchanges have emerged as a promising vitrimer chemistry 
thanks to their rapid, catalyst-free kinetics. While current reports on networks have focused 
exclusively on amine nucleophiles, they have globally ignored alternative imine chemistries such 
as oximes or hydrazones. Here we leverage diketoxime crosslinks as a simple, straightforward 
strategy for controlling important vitrimer properties. We prepared diketoxime networks by first 
synthesizing an alkene-functionalized diketoxime resin by reacting 5,5-dimethyl-2-(pent-4-
enoyl)cyclohexane-1,3-dione with O,O′-1,2-ethanediylbis(hydroxylamine) using a 10% excess of -
ONH2 functional groups to allow for associative exchange. This resin was subsequently cured 
with pentaerythritol tetrakis(3-mercaptopropionate) and photoinitiator ethyl (2,4,6-
trimethylbenzoyl) phenylphosphinate via thiol-ene photopolymerization into 50 μm thick films. 
This procedure provided soft, optically transparent films which could be subsequently 
reprocessed into new geometries by heating to 90 °C under 5 MPa of pressure. Importantly, we 
found that diketoxime-crosslinked networks showed an increase in both activation energy and 
exchange temperature compared to similar amine-crosslinked systems. Despite these findings 
however, the reprocessing temperature was comparatively lower indicating the amine systems 
showing an interesting inversion which we are currently investigating. Our results highlight the 
importance of materials selection on vitrimer reprocessing, and provide a simple, effective 
strategy for tuning the vitrimeric properties. 
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Control of dynamics and mechanical properties of elastic vitrimer by tailoring the 
substituents of boronic ester 

Zoriana Demchuk1, demchukz@ornl.gov, Xiao Zhao1, Zhen Zhang1, Sheng Zhao2, Alexei P. 
Sokolov1, Pengfei Cao1. (1) Chemical Sciences Division, Soft Materials group, Oak Ridge 
National Laboratory, Oak Ridge, Tennessee, United States (2) Department of Chemistry, The 
University of Tennessee Knoxville, Knoxville, Tennessee, United States  

Elastomers have been widely used in various areas of applications including electronics, 
automotive industry, and biomedical applications. The polymeric materials with dynamic covalent 
bonds, called vitrimers, can overcome the challenges associated with current elastomers and 
allow recyclability of the material while retaining its thermal and chemical stability. Herein, we 
developed boronic ester-based vitrimers that exhibit tunable dynamics and mechanical 
performance by variation of the boronic acid structure in the polymer network. For this purpose, 
dynamic polymer networks were formed by reacting diol-containing tetra-arm poly(amidoamine) 
and phenylboronic acid terminated tetra-arm poly(ethylene glycol) which possess different 
substituents adjacent to boronic acid moieties. Varying the substituent adjacent boronic acid unit 
will significantly impact the binding strength of boronic ester in dynamic crosslinked networks 
which therefore affect the dynamics and mechanical performance of resulted vitrimers. The 
presence of electron-rich substituent in polymer structure noticeably decreases the glass 
transition temperature of the polymer network, provides faster relaxation, and results in elastic 
vitrimers with prominent recyclability and malleability at lower temperatures. On the other hand, 
boronic acid-based vitrimers with electron-poor substituents considerably diminish the dynamics 
of boronic ester exchange, increase the apparent activation energy and relaxation time while 
improving the mechanical stiffness of resulted vitrimers. The approach may serve as a guide for 
the rational design of elastomers with well-tunable dynamics and cyclabilities. 

 
Chemical pathway for the fabrication of boronic ester-based vitrimers with tunable dynamics  
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Using fluxional small molecule to access the next generation covalent adaptive materials 

Brian Sun, periguansun@gmail.com, Matthew Golder. Chemistry, University of Washington, 
Seattle, Washington, United States  

To bridge the gap between thermoplastics and thermosets, covalent adaptive networks (CANs) 
utilize reversible bimolecular small molecule chemistry to adapt to different stimuli though 
dynamic bond exchanges. We propose that by changing this bimolecular process into 
intramolecular rearrangement in network polymers could lead to a new type of material with 
enhance mechanical properties. Bullvalene became the ideal molecular Rubik’s cube in this 
application for it goes through constant low-barrier Cope Rearrangements making its substituents 
“fluctuates” between multiple isomers of bullvalene. In this work, we demonstrated the 
compatibility of bullvalene and radical initiated polymerization conditions and study the effect of 
bullvalene as a side chain in the thermal properties of polyacrylates. We reported the first 
bullvalene containing fluxional crosslinked material and studied the effect of Cope 
rearrangements in polymer networks. Through thermal and mechanical testings, we garnered the 
initial results for such novel fluxional crosslinked materials potential as a new type of impact 
resistance, shape memory materials. 
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Dynamic bottlebrush materials 

Christopher M. Bates, cbates@ucsb.edu. Materials, University of California Santa Barbara, 
Santa Barbara, California, United States  

Bottlebrush elastomers have attracted considerable attention as a class of super-soft and solvent-
free materials. This talk will discuss the synthesis and characterization of dynamic bottlebrush 
elastomers with tunable properties after crosslinking for applications ranging from flexible 
electronics to 3D printing. 
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Dynamic covalent chemistry in polyanhydride networks 

Kelly Tillman1, Patrick T. Mather2, Devon A. Shipp1, dshipp@clarkson.edu. (1) Clarkson 
University, Potsdam, New York, United States (2) The Pennsylvania State University, University 
Park, Pennsylvania, United States  

Polyanhydrides have found a niche in the degradable polymer field, largely because they often 
undergo surface erosion. An intriguing property of these polymers is the ability of the anhydride 
moiety to undergo dynamic covalent exchange, thus making them a covalent adaptable network 
(CAN) system. Using an approach based on radical-mediated thiol-ene polymerization, a facile 
step-growth polymerization, polyanhydrides with relatively uniform network structure can be 
readily made using photo, redox or thermal initiators and a wide variety of comonomers. We 
previously developed polyanhydride-poly(ε-caprolactone) composites that are not only capable of 
exhibiting shape memory properties but the dynamic covalent exchange between anhydride 
moieties also allows for permanent shape reconfiguration of the crosslinked polymer. We have 
exploited this process to create stress-free network (crosslinked) polyanhydrides that can be 
recycled. Furthermore, we studied the exchange dynamics of model compounds in order to 
understand the dependence of exchange on temperature, the presence of carboxylic acid, and 
anhydride molecular structure. 

 
Polyanhydrides made by radical-mediated thiol-ene polymerizations exhibit a range of interesting 
properties, including self-healing, shape memory, recyclability, surface-erosion. 
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Recent advances of the ESPUR reversibly assembling materials project 

Miranda L. Beaudry1, miranda.l.beaudry@nasa.gov, Hannes C. Schniepp2, Samantha Applin3,2, 
Bryce Horvath3, Christopher Wohl3. (1) Advanced Materials and Processing, National Institute of 
Aerospace, Hampton, Virginia, United States (2) William & Mary, Williamsburg, Virginia, United 
States (3) NASA Langley Research Center, Hampton, Virginia, United States  

Extending the timespan between resupply missions among space travel initiatives is critical to 
increasing the efficiency of human exploration, ultimately leading to a sustained presence on the 
lunar surface and beyond. One strategy to enable longer duration exploration missions, while 
preserving mission scope, is to increase the efficiency of mass and volume on human exploration 
missions by replacing consumable objects with recyclable object composed of in-space 
manufacturing capable materials. At NASA Langley Research Center, ESPUR (Enabling 
Sustained Presence Using Recyclables) is focused on identifying, designing, synthesizing, and 
characterizing materials compatible with the additive manufacturing processes for extra-terrestrial 
use being developed at NASA Marshall Space Flight Center. Materials and processes enabling 
recyclability must be facile and require nominal resources. Currently, research is focused on the 
integration of reversible click-chemistry reactions via a Diels-Alder reaction between maleimide 
and furan functionalities. Reactions of this type are sought for their ability to be controllably, 
chemically bonded by these functionalities, while conserving a thermal reversibility at moderate 
temperatures. The maleimide and furan functionalities are integrated into a copoly(carbonate 
urethane) (CPCU) polymer matrix, which is under evaluation, both as a free-standing material 
and as a chemically bonded coating on epoxy microspheres. The synthesis and evaluation of 
material properties of both CPCU and CPCU-coated epoxy microparticles are discussed herein. 
The mechanical, thermal, chemical, and optical microscopy-derived properties of synthesized 
materials were determined at NASA Langley Research Center. Complementary characterization 
of interaction strengths using atomic force microscopy was performed at William & Mary. These 
materials will be further characterized for durability, recyclability, and other application-specific 
properties as warranted. 
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Transesterification in dynamic polyester elastomers crosslinked with aliphatic 
dianhydrides 

Marianne S. Meyersohn, mmeyersohn@gmail.com, Farihah M. Haque, Marc A. Hillmyer. 
Chemistry, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States  

Dynamic polymer networks have emerged as new materials to address the limitations of 
chemically crosslinked materials which are non-reprocessable. However, the exchange reactions 
these networks undergo at elevated temperatures often rely on external catalysts which can limit 
long-term material performance. We report the synthesis of poly(γ-methyl-ε-caprolactone) 
elastomers through ring opening transesterification polymerization followed by catalyst-free 
crosslinking with commercially available dianhydrides. At elevated temperatures, 
transesterification reactions are posited to occur through a dissociative mechanism catalyzed by 
neighboring carboxylic acids at crosslink junctions. We initially evaluated the dynamic behavior of 
these networks first through the study of small molecule model reactions. Arrhenius activation 
energies for the synthesized elastomers, obtained by stress relaxation experiments, agree well 
with kinetic studies on model reactions. Dynamic mechanical thermal analysis and infrared 
spectroscopy help confirm the reversibility of the networks and provide an understanding of the 
mechanism of exchange. By controlling the exchange chemistry and understanding the effect of 
macromolecular structure on mechanical properties, we aim to produce high performing 
elastomers that can be rapidly reprocessed at moderately elevated temperatures. 
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Dynamic particle-based bonds in polymer networks 

S. Eileen Seo, eileenseo@asu.edu. Chemical Engineering, Arizona State University Ira A Fulton 
Schools of Engineering, Tempe, Arizona, United States  

Given increasing environmental issues related to plastic materials, the idea of replacing polymer 
networks formed via covalent bonds with non-covalent (or dynamic) bonds remains a research 
area of significant promise. Polymer networks formed via weak, physical interactions can be 
easily remolded, self-healed, and recycled on demand, but these materials typically exhibit 
reduced mechanical properties compared to ones that are chemically crosslinked. This makes 
physically crosslinked polymer networks unsuitable for many applications. Using polyvalent, 
cooperative binding as a key principle to establish strong, yet reversible interactions, we designed 
a mechanically robust polymer network by preparing nanoparticles with reconfigurable surface 
ligands as particle-based crosslinks to form a dynamic network. Nanoparticles are created by 
functionalizing citrate-stabilized gold nanoparticles with a dense monolayer of photo-responsive 
ligands, which have end moieties that can form H-bonds with polymer chains. The number of 
bonding units available per particle can be dynamically tuned by stimulating a change in 
molecular configuration of the photo-responsive units. This allows the binding strength of a 
particle-based bond to be precisely controlled in a polymer network, producing coherent changes 
in macroscopic properties including elastic modulus, stress-relaxation, and self-healing. 
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Vitrimerization: A novel concept to recycle thermoset waste via dynamic chemistry 

Alireza Bandegi, Ica Manas-Zloczower, ixm@case.edu. Macromolecular Science & Engineering, 
Case Western Reserve University, Cleveland, Ohio, United States  

Vitrimerization is a newly developed concept to convert permanent crosslinked thermoset 
networks into vitrimer type dynamic networks via a simple, one-step method without 
depolymerization. Vitrimerization relies on designing a strategy to induce re-formability and 
healing in permanent chemically crosslinked polymer networks by using exchangeable chemical 
bonds that will lead to dynamic crosslinked networks. Key to the success of the strategy is 
establishing a process whereby homogeneous catalysts transform waste thermoset polymers into 
recyclable vitrimers. The vitrimerization approach is a low-cost, eco-friendly and scalable method 
that can be effectively implemented to address current challenges in recycling thermoset 
polymers. Moreover, the recycled thermosets can be used in combination with various nanofillers 
to manufacture nanocomposites with tailored properties. This simple and practical concept of 
recycling thermoset polymers without depolymerization provides a new strategy toward 
elimination of thermoset waste. 
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Fiber-reinforced vitrimer composites with multi-cycle recyclability 

Natasha Ghezawi1,2, ghezawinb@ornl.gov, Zhengping Zhou1, Sungjin Kim1, Christopher 
Bowland1, Bingrui Li1,2, Amit K. Naskar1, Md Anisur Rahman1, Tomonori Saito1. (1) Oak Ridge 
National Laboratory, Oak Ridge, Tennessee, United States (2) The Bredesen Center, University 
of Tennessee, Knoxville, Tennessee, United States  

Carbon fiber-reinforced polymers (CFRPs) play a major role in enabling highly efficient energy 
usage in automobiles and aerospace applications because of their lightweight and robust 
mechanical properties. However, the current manufacturing process of CFRPs is time-
consuming, not energy-efficient, and made of irreversible thermoset moieties, which are not 
readily repairable, reprocessable or recyclable. A new class of covalently crosslinked polymers 
known as vtrimers, that are reprocessable and recyclable, shed light on the existing thermosets’ 
limitations. Recent advancements of vitrimers have enabled imparting thermosetting polymers 
like epoxies with reprocessability but typically require high temperatures and long processing 
times, which compromises recyclability and energy efficiency. Herein, we developed a new 
vitrimer by incorporating dynamic disulfide exchange bond into a tailored amount of soft polyurea 
and hard epoxy segments. The created dynamic polyurea/epoxy (DPE) vitrimer exhibits 6 times 
faster bond rearrangements as well as lower reprocessing temperatures (~40°C lower), while 
maintaining mechanical strength unlike conventional epoxy vitrimers. Additional tailoring of the 
vitrimer matrix to create facile self-healability can result in recovery from microcracks within the 
composite matrix at room temperature. Continued exploration of different compositions within 
vitrimers leads to promising achievements in the future for reprocessable and recyclable CFRPs. 
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Polymer welding of soft and stiff epoxy thermosets via silanolates 

Amelia A. Putnam, putnam0@alumni.purdue.edu, Jordan Kaiser, Amber M. Hubbard, Dhriti 
Nepal, Luke A. Baldwin. Materials and Manufacturing Directorate, Air Force Research Laboratory, 
Wright-Patterson AFB, Ohio, United States  

Incorporating dynamic covalent bonds into thermosets has generated new materials with the 
reprocessability of thermoplastics while maintaining the bulk properties of a fully crosslinked 
network. This class of materials, termed covalent adaptable networks (CANs), has helped to 
bridge the gap between traditional thermosets and thermoplastics. In this work, epoxy-based 
CANs were synthesized by combining a diepoxide monomer with an oligosiloxane prepolymer, 
which contained aminopropyl groups for irreversible crosslinking and silanolate end-groups for 
dynamic bonding. Two separate diepoxide crosslinkers were used to give different epoxy 
materials varying in stiffness, with Young’s modulus ranging from 12 MPa to 2.2 GPa. Both CANs 
were evaluated by studying how thermal and mechanical properties (e.g., glass transition 
temperature and modulus) were affected by compositional changes. Understanding these 
structure-property relationships allows tuning of mechanical properties to achieve soft or stiff 
epoxy networks. Additionally, the dynamic bonding from the silanolates also contributed to self-
healing capability, which can enable increased part lifetime and repair of thermoset polymers and 
composites. By incorporating similar dynamic bonding mechanisms into both adaptable networks 
here, we have demonstrated the ability to weld dissimilar soft and stiff epoxy thermosets together. 
The tunable mechanical properties and self-healing capabilities of these CANs positions these 
materials to be more sustainable alternatives to currently available thermosets. 

 
Dissimilar soft and stiff epoxy thermosets can be welded together by incorporating silanolate groups into 
each material for dynamic bonding. 
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In-situ phenylethynyl crosslinking of polyimides for shape-momory objects 

Matthew Baczkowski1,2, mattbazzz@mac.com, Zhenning Yu1,2, David H. Wang1,2, Loon-Seng 
Tan2. (1) UES Inc, UES Inc, Dayton, OH, US, corporate/serv, Dayton, Ohio, United States (2) Air 
Force Research Laboratory, Wright-Patterson AFB, Ohio, United States  

In developing advanced materials for adaptive structures and flexible electronics, we have 
previously reported* origami-inspired polyimides and fabrication to create permanent 3D-shapes 
using crosslinked poly(amic acid)s, which upon imidization provided recoverable shape-memory 
behavior. In broadening our effort to develop high temperature shape-memory materials, new 
lower-temperature in-situ phenylethynyl(PE) crosslinking chemistry was applied. Using novel PE 
dianhydrides and commercially available diamine (APB) and dianhydride (6FDA), the amic-acid 
and imide copolymers are crosslinked via the PE groups at temperatures near their Tg‘s. Utilizing 
PE crosslinking near the initial Tg, 3D objects with predetermined shapes are fabricated from 
these copolymers using our origami-inspired processing scheme. This method allows for the 
unique capability of assuming 2D or any other temporary shapes under applied stress near the 
Tg and maintaining this temporary shape at room temperature and without applied stress. When 
exposed to temperatures near the Tg, the object's temporary shape will recover to the 
predetermined 3D shape. Incorporation of these novel PE reactive groups allows for crosslinking 
to occur near the initial Tg, which increases the mechanical properties of the resulting polymer. 
These crosslinked polyimides exhibit flexible and creasable behavior with 100% shape-memory 
recovery and 99% shape-memory fixity over many stress-strain-temperature cycles. 
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Photo-curing 3D printing of sacrificial tooling for fabricating hollow lightweight 
composites 

Baoming Zhao, baoming_zhao@wsu.edu, Cheng Hao, Yu-Chung Chang, Jinwen Zhang. 
Washington State University, Pullman, Washington, United States  

Global trends toward CO2 reduction and resource efficiency have driven the increasing demand 
of lightweight composite materials in automotive and aerospace industry. While composite 
materials with basic shapes and uniform cross sections can be easily manufactured, fabrication of 
composite structures with hollow interiors or complex geometries present a unique manufacturing 
challenge. Any geometry that traps a mandrel or core inside requires sacrificial tooling. Currently, 
such tooling can be 3D printed using fused deposition modeling (FDM) and binder jetting 
techniques. However, the low printing resolution of FDM/binder jetting requires several post 
processing steps before the printed tooling can be used for composite layup. The low printing 
speed of FDM/binder jetting also limits its practical application. In this project, we developed 
photocurable resins with cleavable crosslinkers to enable the rapid production of sacrificial tooling 
with high resolution and high speed digital light processing (DLP) technique. The 
photopolymerization of the resin during printing results in photopolymers with dynamic covalent 
bonds that can be cleaved under specific conditions. Cleavage of the crosslinks converts the 
thermosetting photopolymers into soluble thermoplastics. Thus, the printed photopolymers can be 
used as sacrificial cores in the fabrication of seamless hollow composite structures. Harnessing 
the power of photocuring 3D printing techniques and dynamic covalent chemistry, sacrificial 
tooling with injection-mold-like surface finishes can be rapidly produced, which will greatly 
accelerate the development and production of lightweight composite structures. 
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Soft mechanochemistry of dynamic covalent polymer networks 

Harm A. Klok, harm-anton.klok@epfl.ch. Ecole Polytechnique Federale de Lausanne, Lausanne, 
VD, Switzerland  

The disulfide bond is an attractive motif for the construction of dynamic covalent polymer 
networks. In this report, we describe the synthesis of a class of disulfide crosslinked polymer 
networks that have been prepared via chain-end coupling of thiol-end functional star polymers. 
These polymer networks undergo significant swelling in aqueous media, and in a variety of 
organic solvents, and degrade upon addition of a reduction agent. In depth analysis of the 
kinetics of the network degradation process revealed that the initial rate constant of network 
degradation linearly correlates with the equilibrium swelling ratio of the network, and the Flory 
Huggins parameter for the different solvents. This underlines (i) the (known) force sensitivity of 
the disulfide bond reduction reaction, and, more importantly (ii) that, putatively, weak forces that 
arise from network swelling are sufficient to significantly alter the chemical reactivity in such 
polymer systems, hence soft mechanochemistry. 
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Directed network structure through controlled radical photopolymerization 

Huayang Fang, Mulsannehy@gmail.com, Allan Guymon. Chemical Engineering and Biochemical 
Engineering, The University of Iowa, Iowa City, Iowa, United States  

Microgel formation during early stages of photopolymerization leads to heterogeneous polymer 
networks which significantly limits material properties. In this study, we use controlled radical 
photopolymerization, including reversible addition-fragmentation chain transfer (RAFT) agents 
and nitroxide-mediated photopolymerization (NMP2) initiators, in cross-linked resins to mediate 
the polymerization process and network formation. RAFT agent addition has shown a significant 
impact on polymerization behavior and ultimate polymer properties in model systems. When 
comparing to conventional free radical polymerization, reaction rate is slightly decreased with 
RAFT containing formulations due to the formation of RAFT-adduct radicals during chain 
propagation that enable radical deactivation and reinitiation. RAFT-modified films exhibit narrower 
half width of tan delta peaks, indicating more homogeneous networks. In addition, RAFT 
structure-based network adaption is also investigated by comparing to networks polymerized from 
thiol chain transfer agent. Although incorporating thiol increases strain to break value and overall 
toughness, the RAFT containing polymer networks enable further network rearrangement through 
the adaptive nature of bond formation and breaking, leading to 2-fold increase in toughness. 
Additionally, we have designed and synthesized a series of NMP2 initiators with different 
chromophores to tune light absorbance characteristics and material properties. In linear polymeric 
systems, incorporating NMP2 initiators leads to controlled molecular weight evolution and low 
polydispersity. When incorporating specific NMP2 into cross-linked resins, similar polymerization 
kinetics are achieved to those using conventional photoinitiators. However, gelation is delayed, 
and significantly decreased shrinkage stress is observed. NMP2 polymerized cross-linked 
polymer films also exhibit enhanced flexibility and increased toughness. 
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Reactive supramolecular nanostructures 

Yukio Cho, Ty Christoff-Tempesta, Julia Ortony, ortony@mit.edu. Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

Small molecule self-assembly in water leads to nanostructures with pristine internal organization 
and very small length scales; less than 10 nm along at least one dimension. These 
nanostructures have high surface-areas and surfaces that are easily tunable by simple chemical 
modifications or co-assembly. However, like lipid membranes, supramolecular structures are 
generally fragile, exhibit fast molecular exchange, and must be treated with care. To avoid this 
problem, we designed an amphiphile motif that exploits a Kevlar-inspired aramid domain. These 
aramid amphiphiles self-assemble in water to form nanoribbons that are robust, air-stable, and 
that do not exhibit measurable molecular exchange. In this talk, I will discuss the design 
parameters and the mechanical properties of these nanoribbons. I will then describe how we 
harness their stability to incorporate reactive groups at the nanoribbon surfaces and perform 
chemical reactions post-assembly. Finally, I will discuss the versatility of this approach, in 
particular how we can overcome amphiphilicity and packing parameter constraints, and I will 
highlight some of the future applications afforded by this capability. 
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Light-induced mechanical response in poly(alkylurea urethane) networks containing 
azobenzene compounds 

William R. Lenart, wlenart@uchicago.edu, Stuart J. Rowan. Pritzker School of Molecular 
Engineering, University of Chicago, Chicago, Illinois, United States  

One challenge of accessing the benefits of dynamic bonds in polymeric systems is their often 
limited ability to rearrange when the polymer is in the glassy state. We demonstrate the ability to 
induce a mechanical response in poly(alkylurea urethane) networks under dynamic loading with 
the exposure of UV light and the inclusion of azobenzene derivatives. The location of the 
azobenzene derivatives (in the backbone, as a pendant group, or in the network volume) and the 
bond activation energy of the hindered amine dictate the degree of the mechanical response. 
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Dynamic organoborane polymer networks via B-N Lewis pair formation 

Fernando Vidal, Monika K. Baraniak, Beijia Chen, Frieder Jaekle, fjaekle@newark.rutgers.edu. 
Department of Chemistry, Rutgers University Newark, Newark, New Jersey, United States  

Organoboranes have long played important roles as reagents and catalysts in organic synthesis. 
More recent work has shown that interactions of Lewis acidic organoboranes with Lewis bases 
also enable the design of innovative supramolecular materials. At the core of these advances is 
the exceptional level of tunability of the Lewis acidity by judicious variation of substituents on 
boron. However, opportunities in the field of polymer science have only recently started to be 
recognized. 

Our group has developed versatile approaches for the selective and high-yielding attachment of 
borane Lewis acid functional groups to polyolefins, as well as pioneered the direct polymerization 
of Lewis acidic monomers. Here, we demonstrate applications of these polymeric Lewis acids as 
building blocks of self-healing network polymers and reprocessible elastomers. A new class of 
luminescent dynamic polymer networks via chelate complex formation will also be introduced. 

 

 
  



170 
 

Dynamic Covalent & Supramolecular Polymer Networks 

Regulating the supramolecular assembly of synthetic polypeptides by particle-based 
artificial nucleation factors 

Tianjian Yang1, tianjian.yang@uconn.edu, Kyle Benson2, Hailin Fu2, Tianrui Xue3, Challa V. 
Kumar5, Jianjun Cheng4, Yao Lin5. (1) Polymer Program, University of Connecticut, Storrs, 
Connecticut, United States (2) Department of Chemistry, University of Connecticut, Storrs, 
Connecticut, United States (3) Department of Chemistry, University of Illinois Urbana-Champaign, 
Urbana, Illinois, United States (4) University of Illinois Urbana-Champaign, Urbana, Illinois, United 
States (5) University of Connecticut, Storrs, Connecticut, United States  

In cells, actin and tubulin polymerization is regulated by nucleation factors, which promote the 
nucleation and subsequent growth of protein filaments in a controlled manner. Mimicking this 
natural mechanism to control the supramolecular polymerization of macromolecular monomers by 
artificially created nucleation factors remains a largely unmet challenge. Biological nucleation 
factors act as molecular scaffolds to boost the local concentrations of protein monomers and 
facilitate the required conformational changes to accelerate the nucleation and subsequent 
polymerization. An accelerated assembly of synthetic poly(L-glutamic acid) into amyloid fibrils 
catalyzed by cationic silica nanoparticle clusters (NPCs) as artificial nucleation factors is 
demonstrated here and modeled as supramolecular polymerization with a surface-induced 
heterogeneous nucleation pathway. Kinetic studies of fibril growth coupled with mechanistic 
analysis demonstrate that, when compared to the uncatalyzed reaction, the artificial nucleators 
predictably accelerate the supramolecular polymerization process by orders of magnitude (e.g., 
shortening the assembly time by more than 10 times). Nucleation followed a Michaelis−Menten-
like scheme for the cationic silica NPCs. Besides, the efficiency of NPCs on accelerating the 
assembly kinetics can be controlled by adjusting the surface charge density of NPCs. This 
approach shows the effectiveness of charge−charge interactions and surface functionalities in 
facilitating the conformational change of macromolecular monomers and controlling the rates of 
nucleation for fibril growth. The strategy can be extended to synthetic macromolecular nucleators 
to realize the controls over supramolecular assembly processes. Molecular design approaches 
like these inspire the development of novel materials with controllable hierarchical 
superstructures via biomimetic supramolecular polymerizations. 
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DNA-inspired guanine and cytosine-containing acrylic copolymers as supramolecular 
adhesives 

Boer Liu1, pearlliu1116@gmail.com, Glenn A. Spiering2, Robert B. Moore2, Timothy E. Long1, 
telong@asu.edu. (1) Biodesign Center for Sustainable Macromolecular Materials and 
Manufacturing & School of Molecular Sciences, Arizona State University, Tempe, Arizona, United 
States (2) Macromolecular Science and Engineering, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States  

Inspired by complementary hydrogen bonding interactions between nucleobase pairs in DNA, we 
incorporate guanine and cytosine on acrylic polymers using regioselective Michael addition. Free 
radical polymerization enabled the preparation of a series of n-butyl acrylate and nucleobase-
functionalized acrylate copolymers. Thermogravimetric analysis (TGA) revealed higher weight 
stability of guanine-containing copolymers than the cytosine-containing copolymer counterparts. 
Variable temperature FTIR spectroscopy verified the presence of hydrogen bonding in both 
copolymer systems and their blends. Guanine copolymers exhibited enhanced mechanical 
performance that the 2 mol% guanine copolymer formed a free-standing film, whereas 2 mol% 
and 4 mol% cytosine copolymers flowed at room temperature. 4 mol% guanine copolymers 
exhibited a plateau regime that was observed in all cytosine copolymers according to dynamic 
mechanical analysis. In addition, the secondary tan delta transition after the plateau region at 70 
°C corresponded to hydrogen bond dissociation within the guanine domains. Variable 
temperature Small-angle X-ray scattering unveiled microphase-separated morphology for both 
copolymers, in which guanine copolymers exhibited enhanced microphase separation than 
cytosine copolymers. The stronger hydrogen bonding interaction in GuA copolymer contributes to 
the enhanced microphase-separated morphology up to 180 °C. Lap shear testing revealed the 
transition of cohesive failure to adhesive failure through the incorporation of complementary 
hydrogen bonding interaction. 
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Living lateral growth of cylinders 

Hui Sun, sunhui@nxu.edu.cn. School of Chemistry and Chemical Engineering, State Key 
Laboratory of High-Efficiency Utilization of Coal and Green Chemical Engineering, Ningxia 
University, Yinchuan, Ningxia, China  

Macromolecular self-assembly is a powerful tool to fabricate functional soft nanomaterials with 
diverse morphologies including spherical micelles, cylindrical micelles, vesicles and nanobowls, 
etc. Among them, cylindrical micelles, also known as cylinders, are appealing and versatile due to 
their unique serpentine conformation and adjustable aspect ratio comparing with their spherical 
counterparts. These cylinders have shown considerable potentials in cellular uptake and in vivo 
drug delivery due to their high aspect ratio. The control of geometric size such as the length and 
diameter of cylinders is very important and has drawn much attention in the last decade. Taking 
advantage of the “living” characteristic, the crystallization-driven self-assembly (CDSA) strategy 
has an aptitude for the control of the length of cylinders. However, the living lateral growth of 
cylinders is still hard to achieve. Herein, we propose a crystallization-driven fusion-induced 
particle assembly (CD-FIPA) strategy to prepare cylinders with growing diameters by the 
controlled fusion of spherical micelles self-assembled from an amphiphilic homopolymer. The 
spherical micelles are heated upon glass transition temperature (Tg) to break the metastable state 
to induce the aggregation and fusion of the amorphous micelles to form crystalline cylinders. With 
the addition of extra spherical micelles, these micelles can attach onto and fuse with the 
cylinders, showing the living character of the lateral growth of cylinders. The diameter of the 
cylinders can be controlled from 68.6 ± 12.3 to 137.6 ± 17.3 nm. In addition, the cross-section 
area of the cylinders shows a linear relationship with the addition times, indicating that all the 
spherical micelles added are fused with the cylinders. Computer simulations and mathematical 
calculations are preformed to reveal the total energy changes of the nanostructures during the 
self-assembly and CD-FIPA process. Overall, we demonstrated a CD-FIPA concept for preparing 
cylinders with growing diameters. 

 
Self-assembly of PAzoMA to form spherical micelles and living lateral growth of cylinders by CD-FIPA of 
micelles. 
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Dynamic covalent assembly of peptoid-based ladder oligomers employing thermally 
reversible Diels–Alder cycloaddition 

Samuel Leguizamon1, Abdulla Alqubati1, alqubati@umich.edu, Timothy F. Scott2. (1) 
Department of Chemical Engineering, University of Michigan, Ann Arbor, Michigan, United States 
(2) Department of Chemical Engineering, Monash University, Clayton, Victoria, Australia  

We report a dynamic covalent self-assembly technique employing temperature mediated 
hybridization of peptoid oligomers bearing maleimide- and furan-based pendant groups to afford 
molecular ladders incorporating Diels–Alder adduct-based rungs. By changing the reaction 
temperature, this system enables the equilibrium state to be readily varied facilitating the error 
correction mechanism without altering reagent concentrations. 

To enable the number of Diels–Alder adduct rungs to be determined by mass spectrometry, a 
registry-dependent mass change was achieved by employing a base-catalyzed thiol-Michael 
addition reaction between any un-reacted maleimide pendant groups and a low molecular weight 
thiol. 

This approach revealed that, whereas hybridization of trifunctional maleimide- and furan-bearing 
oligomers did not exclusively yield the completely formed, in-registry molecular ladder within 24 
hours, rearrangement towards the target, in-registry ladder product proceeded over extended 
reaction times. 

By employing a slow temperature ramp from high to low temperature, sequence-selective 
hybridization in a model mixture of sequence-specific tetra-functional peptoids was obtained, 
approximating the thermal cycle employed for nucleic acid hybridization. 
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Dynamic hydrogels based on the orthogonal combination of reversible C=N bonds and 
metal-terpyridine coordination bonds 

Hui Yang, Evelyne van Ruymbeke, Charles-Andre Fustin, charles-andre.fustin@uclouvain.be. 
IMCN/BSMA, Universite catholique de Louvain, Louvain-la-Neuve, Walloon Brabant , Belgium  

Dynamic bonds can breathe life into polymers, enabling materials to have controlled lifetimes, 
enhanced toughness, or improved performance in response to external stimuli. Dynamic bonds 
generally fall into two categories: supramolecular interactions and dynamic covalent bonds, which 
can break and reform spontaneously or in response to external stimuli. Supramolecular 
interactions (e.g., hydrogen bonds, metal-ligand coordination bonds, host-guest interactions) are 
labile and reversible, and usually under (fast) continuous equilibrium between associated and 
dissociated forms. In comparison with supramolecular interactions, dynamic covalent bonds (e.g., 
C=N bonds, disulfide bonds, boronic ester bonds) are much more robust but also exhibit slower 
exchange. The pros and cons of these two types of linkages make them a promising 
complementary toolbox for the design and fine-tuning of the properties of hydrogels. 
Herein, a series of tunable interpenetrating polymer network (IPN) hydrogels are prepared by the 
orthogonal incorporation of two distinct dynamic bonds, i.e., reversible C=N bonds 
(acylhydrazone and oxime) and metal-terpyridine coordination bonds (zinc(II)-terpyridine and 
iron(II)-terpyridine bis-complexes). The influence of crosslinker type, hydrogel preparation 
protocol, and pH on the rheological properties of these IPNs are investigated in details. We show 
that the obtained dual-dynamic IPN hydrogels exhibit finely tunable and enhanced rheological 
properties compared to the corresponding single networks, which we attribute to the 
entanglements between the two sub-networks. We also study how these IPN hydrogels can 
disentangle and partially relax if one of the sub-networks is composed of crosslinks with a shorter 
lifetime. These results revealed that the partial relaxation of such IPNs takes place through the 
sticky Rouse relaxation process. 
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Federally Funded Research for Polymer Circularity: Federal Agency Overviews 
 
Sunday, 02:00pm - 05:10pm USA / Canada - Central - 
August 21, 2022 | Location: S105d (McCormick Place 
Convention Center) 
Kathryn Beers, Organizer, Presider; Kathryn Peretti, 
Organizer, Presider; Christina Payne, Organizer, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Financial Co-sponsor COMSCI 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 02:00pm - 02:10pm 
 
3743733 - NSF funding opportunities and highlights from 
the polymer circularity research portfolio 
02:10pm - 02:40pm  
Christina Payne, Presenter 
 
3741518 - Polymer circularity at the U.S. Department of 
Energy 
02:40pm - 03:10pm 
Kathryn Peretti, Presenter 
 
3744804 - Developing a circular economy approach to 
address marine litter 
03:10pm - 03:35pm  
Tameka Taylor, Presenter; Kimberly Cochran 
 
Intermission - 03:35pm - 03:50pm  
 
3741913 - NIST circular economy program for polymers 
03:50pm - 04:15pm 
Kathryn Beers; Sara Orski, Presenter 
 
3743974 - Polymers and agriculture: Drivers toward 
sustainable development of materials 
04:15pm - 04:40pm  
William Orts, Presenter; Lennard Torres; Colleen 
McMahan; Delilah Wood; Bor-Sen Chiou; Charles Lee; 
Zachariah McCaffrey 
 
3743497 - Polymer design for the next-generation 
warfighter 
04:40pm - 05:05pm  
Dawanne Poree, Presenter 
 
Concluding Remarks - 05:05pm - 05:10pm 
 

Federally Funded Research for Polymer Circularity: 
Examples of Federally Funded Centers and Consortia 

Monday, 08:00am - 11:40am USA / Canada - Central - 
August 22, 2022 | Location: S106a (McCormick Place 
Convention Center) 
Kathryn Beers, Organizer, Presider; Kathryn Peretti, 
Organizer, Presider; Christina Payne, Organizer, Presider 

Session Type: Oral - In-person 
Co-Sponsor/Theme: Financial Co-sponsor COMSCI 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 08:00am - 08:05am 
 
3744154 - Strategies for selective conversions of 
polyolefins in the institute for cooperative upcycling of 
plastics (iCOUP) 
08:05am - 08:30am 
Aaron Sadow, Presenter; Massimiliano Delferro; Wenyu 
Huang; Frédéric Perras; Byeongdu Lee; Kenneth 
Poeppelmeier; Erik Luijten; Baron Peters; Andreas Heyden; 
Anne LaPointe; Geoffrey Coates; Susannah Scott; Mahdi 
Abu-Omar 
 
3733535 - Tackling the plastics waste challenge via 
catalytic innovations, macromolecular chemistry, and 
materials manufacturing 
08:30am - 08:55am 
Prof. LaShanda Korley, Presenter; Thomas Epps; Michael 
Berg 
 
3739761 - EFRI SuMUp project: Using recycled polymers to 
capture microplastics 
08:55am - 09:20am 
Paul Zimmerman, Presenter 
 
3738176 - NSF center for sustainable polymers 
09:20am - 09:45am  
Marc Hillmyer, Presenter 
 
Intermission - 09:45am - 10:00am  
 
3743280 - Plastics recycling, upcycling, and redesign in the 
BOTTLE consortium 
10:00am - 10:25am 
Gregg Beckham, Presenter 
 
3743897 - Reincarnation of polymers for the circular 
economy: An NSF EFRI E3P sponsored effort 
10:25am - 10:50am  
Professor John R Dorgan, Presenter; Eric Hegg; Annick 
Anctil; Robert Ofoli 
 
3758236 - REMADE Institute: R&D accelerating the 
transition to a circular economy 
10:50am - 11:15am 
Ed Daniels, Presenter 
 
3745735 - Valorization of plastic waste via advanced 
separation and processing 
11:15am - 11:35am 
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Paschalis Alexandridis; Karthik Dantu; Christian Ferger; Ali 
Ghasemi; Gabrielle Kerr; Vaishali Maheshkar; Javid Rzayev, 
Presenter; Nicholas Stavinski; Thomas Thundat; Marina 
Tsianou; Luis Velarde; Yaoli Zhao 
 
Concluding Remarks - 11:35am - 11:40am 
 

Federally Funded Research for Polymer Circularity: 
Broader Impacts and Perspectives on Polymer Circularity 

Monday, 02:00pm - 05:55pm USA / Canada - Central - 
August 22, 2022 | Location: S106a (McCormick Place 
Convention Center) 
Kathryn Beers, Organizer, Presider; Kathryn Peretti, 
Organizer, Presider; Christina Payne, Organizer, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Financial Co-sponsor COMSCI 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 02:00pm - 02:05pm  
 
3743341 - Environmental impacts and equity implications 
of advanced polymer recycling (on demand)  
02:05pm - 02:30pm 
Thomas Hendrickson, Presenter; Sarah Nordahl; Dr Brett 
Helms; Corinne Scown 
 
3737832 - Developing solutions for the real world: A need 
for a public/private/governmental collaboration (on 
demand)  
02:30pm - 02:55pm 
Paul Kearns; Dr. Scott R Trenor, Presenter 
 
3741757 - Methods for quantifying and characterizing 
micro- and nanoplastic pollution in environmental samples 
02:55pm - 03:20pm 
Jennifer M Lynch, Ph.D., Presenter; Dr. Katherine R Shaw; 
John Kucklick 
 
3734259 - How do ions and surfactants impact adhesion to 
microplastics? 
03:20pm - 03:40pm 
Timothy Jugovic, Presenter; Paul Zimmerman 
 
Intermission - 03:40pm - 03:55pm 
 
3757759 - Using data to strengthen circularity nationally 
and globally 
03:55pm - 04:20pm 
Erin Simon, Presenter; Cam Pascual, Presenter 
 
3757359 - Withdrawn - 04:20pm - 04:45pm 
 
3737624 - Data, analysis and decision tools for evaluating 
the circular economy of plastics 
04:45pm - 05:10pm 

Alberta Carpenter, Presenter 
 
3757331 - Integrating chemical reaction networks with life 
cycle assessment for designing a sustainable and circular 
economy of plastics 
05:10pm - 05:35pm  
Vyom Thakker, Presenter; Sunghoon Kim; Bhavik Bakshi 
 
3755008 - Upcycling plastic wastes by combining theory 
and experiment 
05:35pm - 05:55pm 
Steven Weinman, Presenter; Prof. Jason E. Bara, Presenter; 
Milad Rabbani Esfahani; Steven Ritchie; Paul A Rupar; Arial 
Shogren; Tibor Szilvasi; Christoffer Turner 
 

Federally Funded Research for Polymer Circularity: 
Highlights from Federally Funded Research Projects on 

Polymer Circularity 
Tuesday, 08:00am - 11:40am USA / Canada - Central - 
August 23, 2022 | Location: S106a (McCormick Place 
Convention Center) 
Kathryn Beers, Organizer, Presider; Kathryn Peretti, 
Organizer, Presider; Christina Payne, Organizer, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Financial Co-sponsor COMSCI 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 08:00am - 08:05am 
 
3744177 - Upcycling commodity plastics, closed-loop 
manufacturing, and deconstruction/reconstruction of 
engineering plastics 
08:05am - 08:25am  
Dr. Tomonori Saito, Presenter 
 
3742406 - Chemical recycling of non-isocyanate 
polyurethane and polythiourethane: Monomer recovery 
from networks and linear polymers and recovery of 
network cross-link density after reprocessing 
08:25am - 08:45am 
John Torkelson, Presenter; Yixuan Chen; Nicholas Mielke; 
Marcus LaPorte; Nathan Purwanto; Boran Chen 
 
3740190 - Spore-incorporated biocomposite TPUs with 
improved toughness and biodegradation 
08:45am - 09:05am  
Dr Han Sol Kim, Presenter; Myung Hyun Noh; Adam Feist; 
Jonathan Pokorski 
 
3741233 - Effect of confinement and surface composition 
on the dynamics of polymers in porous solids 
09:05am - 09:25am  
Tian Ren, Presenter; Renjing Huang; Ching-Yu Wang; 
Anirban Majumder; Raymond Gorte; Daeyeon Lee 
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3738187 - Understanding innovative solution processing to 
enable the use of recycled polymers in additive 
manufacturing 
09:25am - 09:45am 
Kaizhong Guan; Akan George; Mark Dadmun, Presenter 
 
Intermission - 09:45am - 10:00am 
 
3737973 - Catalytic upcycling of polyolefins by C-H bond 
functionalization 
10:00am - 10:20am  
John Hartwig, Presenter 
 
3754081 - Withdrawn -10:20am - 10:40am  
 
3739588 - Recycling of pretreated polyolefin-based ocean-
bound plastic waste by incorporating clay and rubber 
10:40am - 11:00am 
Shawn Martey, Presenter; Keith Hendren; Nicholas 
Farfaras; Jesse Kelly; Matthew Newsome; Izabela 
Ciesielska-Wrobel; Professor Margaret Sobkowicz; Wan-
Ting Chen 
 

3739663 - Circular carbon economy by converting plastic 
trash into lubricants and other higher value roducts 
11:00am - 11:20am 
Ryan Hackler; Robert Kennedy; Ian Peczak; Uddhav 
Kanbur; Magali Ferrandon; Vincenzo Cappello; Shishir 
Kumar; Pingping Sun; Aaron Sadow; Kenneth 
Poeppelmeier; Massimiliano Delferro, Presenter 
 
3739864 - Catalytic upcycling of high-density polyethylene 
via a processive mechanism 
11:20am - 11:40am 
Wenyu Huang, Presenter; Xun Wu; Akalanka Tennakoon; 
Alexander Paterson; Smita Patnaik; Yuchen Pei; Anne 
LaPointe; Salai Ammal; Ryan Hackler; Andreas Heyden; Igor 
Slowing; Geoffrey Coates; Massimiliano Delferro; Baron 
Peters; Aaron Sadow; Frederic Perras 
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Federally Funded Research for Polymer Circularity 

NSF funding opportunities and highlights from the polymer circularity research portfolio 

Christina M. Payne, cpayne@nsf.gov. Chemical, Bioengineering, Environmental, and Transport 
Systems, National Science Foundation, Alexandria, Virginia, United States  

The National Science Foundation (NSF) is an independent federal agency created by Congress 
in 1950 "to promote the progress of science; to advance the national health, prosperity, and 
welfare; [and] to secure the national defense." NSF fulfills this mission primarily through the 
support of basic research and people to create knowledge that transforms the future. Accordingly, 
projects that develop fundamental knowledge, processes, materials, or systems to advance 
polymer circularity can find support through both targeted solicitations and the agency's core 
research programs. This presentation will provide an overview of relevant funding opportunities, 
Dear Colleague Letters, and core programmatic goals. Active projects in the agency's polymer 
circular economy research portfolio will also be highlighted. 
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Federally Funded Research for Polymer Circularity 

Polymer circularity at the U.S. Department of Energy 

Kathryn L. Peretti, kateperetti@gmail.com. Advanced Manufacturing Office, US Department of 
Energy, Washington, District of Columbia, United States  

By funding technology development from basic research to deployment, the U.S. Department of 
Energy (DOE) supports the mitigation of waste, lowering of GHG emissions, and reduction of 
energy consumption associated with plastic production and use. A department-wide strategy has 
been developed that tackles numerous facets of polymer recycling, including developing 
chemical, biological, and thermal polymer deconstruction pathways; advancing methods to make 
mechanical recycling more efficient and economic; and designing new materials to be inherently 
recycleable. The goals for this work include: developing recycling pathways for at least 90% of 
plastic materials; reducing the energy consumed and emissions released throughout the plastic 
lifecycle by at least 50% compared to virgin plastic production; and ensuring at least 75% of the 
carbon in "waste" plastic is used in future applications. This talk will discuss the variety of 
approaches taken by DOE to meet these goals. 
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Federally Funded Research for Polymer Circularity 

Developing a circular economy approach to address marine litter 

Tameka Taylor, taylor_tameka@outlook.com, Kimberly Cochran. Office of Resource 
Conservation and Recovery, Sustainable Materials Branch, United States Environmental 
Protection Agency, Washington, District of Columbia, United States  

Over the last 20 years, annual plastic production has more than doubled reaching 460 million 
tons in 2019; subsequent, plastic waste has also doubled reaching 353 million tons. Every year, 
millions of tons of these plastics products end up in waste streams where they are mismanaged – 
either improperly disposed, burned or leaked into the environment. In fact, it is projected that by 
2050, there will be more plastics, by weight, in the oceans than fish. Therefore, the need to 
develop a circular approach to manage plastics and plastic waste is critical. In December 2020, 
the Save Our Seas 2.0 Act (SOS 2.0) was passed by Congress to improve efforts in combating 
marine debris. According to the SOS 2.0, a circular economy is a systems-focused approach that 
is restorative or regenerative by design, maintains highest values as long as possible of 
resources used, and aims for the elimination of waste. Under Section 301, the Environmental 
Protection Agency (EPA) is mandated to “develop a strategy to improve postconsumer materials 
management and infrastructure for the purpose of reducing plastic waste and other postconsumer 
materials in waterways and oceans.” EPA is developing a series of strategies on building a 
circular economy for all to fulfill this mandate. The National Recycling Strategy, Part One of a 
Series on Building a Circular Economy for All, published in November 2021 focuses on enhancing 
and advancing the national municipal solid waste recycling system through five objectives: 
improve markets for recycled commodities, increase collection and improve materials 
management infrastructure, reduce contamination in the recycled materials stream, enhance 
policies and programs to support circularity, and standardize measurement and increase data 
collection. The second strategy of this series will be focused on reducing plastic and other wastes 
in waterways and oceans is underway for release later this year. This presentation will focus on 
efforts taken by EPA in developing a circular economy approach to addressing marine litter. 
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Federally Funded Research for Polymer Circularity 

NIST circular economy program for polymers 

Kathryn Beers1, Sara V. Orski2, sara.orski@nist.gov. (1) Material Measurement Lab, National 
Institute of Standards and Technology, Gaithersburg, Maryland, United States (2) Materials 
Science and Engineering Division, National Institute of Standards and Technology, Gaithersburg, 
Maryland, United States  

The NIST Circular Economy Program, initiated in late 2020, is interested in promoting an 
economy that keeps atoms and molecules inside the economy, producing value, and out of 
unwanted sinks such as the environment. This overview will describe early work on plastics and 
polymers with three main foci of the efforts. First, the role of fundamental polymer science, 
including molecular design, chemical identification and physical effects of polymer processing 
play critical roles in new material innovation, and technology and measurement improvements to 
increase the volume and quality of recovered materials. Second, key advances in data resources 
and decision tools, such as the circular economy resource registry and a better understanding of 
the state-of-the-art in economic analysis tools are the first steps in improving the range, scale and 
interoperability of those tools along the entire supply chain. Finally, the only way to measure 
progress is to accurately benchmark the state and impacts of the linear economy, including 
plastic pollution in the environment. NIST is supplying research, data, and enabling technology in 
all three of these areas. 
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Federally Funded Research for Polymer Circularity 

Polymers and agriculture: Drivers toward sustainable development of materials 

William J. Orts, bill.orts@usda.gov, Lennard Torres, Colleen McMahan, Delilah Wood, Bor-Sen 
Chiou, Charles Lee, Zachariah McCaffrey. Bioproducts, USDA-ARS Western Regional Research 
Center, Albany, California, United States  

Researchers at the U.S. Department of Agriculture have been developing strategies to improve 
sustainability of plastics, recognizing that the economic drivers that motivate design decisions 
produce significantly different outcomes. If the driver is to add value to agricultural products, 
manufacturing new plastics from biobased feedstocks is the solution, as will be discussed with 
examples. If the motivator is to reduce greenhouse gases or divert waste from landfills, then 
different technologies result, with biodegradable, compostable plastics pursued. If recycling is the 
goal, then new plastics designed for facile recovery and reuse are required, recognizing that 
infrastructure development must match these polymer-design decisions. Results will be 
presented from variable technologies, including description of torrefaction whereby almond shells 
are heat-treatment to 200-300oC in limited oxygen to create “torrefied” fibrils and nanoparticles. 
Torrefied shells (TAS), when used as a partial replacement for petroleum-derived carbon black 
fillers in rubber formulations, altered thermomechanical properties (curing time, dynamic modulus, 
and tensile strength), while TAS applied to recycled polypropylene composites improved heat 
stability (the heat deflection temperature) by as much as 10 oC, thus improving marketability. In 
another example, under-utilized, ag-derived biomass sources are converted to 
polyhydroxyalkanoate (PHA), a commodity bioplastic with significant market potential, via 
methanotrophic microbes. 
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Federally Funded Research for Polymer Circularity 

Polymer design for the next-generation warfighter 

Dawanne E. Poree, deporee@gmail.com. Army Research Laboratory, U.S. Army Combat 
Capabilities Development Command, Research Triangle Park, North Carolina, United States  

The Chemical Sciences Branch of the US Army Combat Capabilities Development Command 
(DEVCOM) Army Research Laboratory (ARL) supports research that advances the 
understanding of properties and processes governing molecules and their interactions in 
materials and chemical systems. Within the Division, the Polymer Chemistry Program seeks to 
understand the molecular-level link between polymer microstructure and functionality, and 
ensuing macroscopic properties. This Program supports research aimed at (i) developing new 
approaches for synthesizing polymers with precisely defined microstructure and on exploring how 
molecular structure impacts polymer assembly; and (ii) on developing polymers that exhibit 
programmed molecular responses to external stimuli. In this talk, Dr. Poree will provide an 
overview of the Army S&T enterprise and specific research areas of interest to the ARL Polymer 
Chemistry Program, with a particular emphasis placed on efforts that promote polymer circularity. 
She will also provide insight into funding mechanisms and proposal processes. 
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Federally Funded Research for Polymer Circularity 

Strategies for selective conversions of polyolefins in the institute for cooperative 
upcycling of plastics (iCOUP) 

Aaron D. Sadow1,2, sadow@iastate.edu, Massimiliano Delferro3, Wenyu Huang1,2, Frédéric 
Perras1, Byeongdu Lee3, Kenneth R. Poeppelmeier4, Erik Luijten4, Baron Peters5, Andreas 
Heyden6, Anne LaPointe7, Geoffrey W. Coates7, Susannah L. Scott8, Mahdi M. Abu-Omar8. (1) 
Ames Laboratory, Iowa State University, Ames, Iowa, United States (2) Chemistry, Iowa State 
University, Ames, Iowa, United States (3) Argonne National Laboratory, Lemont, Illinois, United 
States (4) Northwestern University, Evanston, Illinois, United States (5) University of Illinois 
Urbana-Champaign, Urbana, Illinois, United States (6) University of South Carolina, Columbia, 
South Carolina, United States (7) Cornell University, Ithaca, New York, United States (8) 
University of California Santa Barbara, Santa Barbara, California, United States  

Polymers are irreplaceable in the global economy, with myriad uses in packaging, construction, 
transportation, electronics, and healthcare industries. The choice to use plastics, instead of other 
materials, is expedient because they are lightweight, strong, and chemically resistant, with a 
variety of properties enabled by their molecular and macromolecular structures. However, their 
massive-scale manufacture, single-use function, and long environmental lifetimes have created a 
crisis of plastics waste, with negative impacts on human and animal health, disruptions to 
ecosystems, and underutilization of our carbon-based natural resources. Unfortunately, 
conventional mechanical recycling methods are limited by considerable technological and 
economic challenges. Chemical upcycling, defined as selective conversion of waste into products 
with higher value than the virgin material, is an emerging alternative to classical recycling 
methods. 

Converting polyolefin plastics into chemicals and materials with desirable properties requires the 
ability to break inert carbon-carbon (C–C) bonds in the long chains of chemically indistinguishable 
repeat units at regularly spaced intervals and to introduce functionality into the products. We are 
creating abiotic, robust, selective multifunctional inorganic catalytic architectures to achieve such 
cleavage reactions, producing fragments with a narrow range of chain lengths. The iCOUP team 
has also invented new transformations of polyolefins into recyclable lubricants, degradable 
surfactants, and re-polymerizable macromonomers. Synergy between experts in inorganic and 
polymeric materials crosscuts our expertise in molecular-scale and heterogeneous catalysis, 
creating multi-disciplinary collaborative projects to achieve iCOUP’s goals. 
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Tackling the plastics waste challenge via catalytic innovations, macromolecular chemistry, 
and materials manufacturing 

LaShanda Korley, lkorley@udel.edu, Thomas H. Epps, Michael Berg. Center for Plastics 
Innovation, University of Delaware, Newark, Delaware, United States  

Polymers are ubiquitous in the modern world, and the demand for and production of plastics 
products continues to climb. Historically, the chemical manufacturing of plastics has focused on 
key features, such durability, low-cost, and multifunctionality; however, these aspects also 
challenge current recycling and upcycling efforts to combat the plastics waste dilemma. The 
Center for Plastics Innovation (CPI), an Energy Frontier Research Center (EFRC) funded by the 
Department of Energy (DOE), was established in 2020 to address this grand challenge via data- 
and systems-driven approaches. I will provide an overview of CPI and highlight fundamental 
research activities across CPI designed to tackle the complexity of plastics waste utilizing 
deconstruction and upgrading strategies. 
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Federally Funded Research for Polymer Circularity 

EFRI SuMUp project: Using recycled polymers to capture microplastics 

Paul M. Zimmerman, paulzim@umich.edu. Chemistry, University of Michigan, Ann Arbor, 
Michigan, United States  

Growing concern over microplastics pollution has led to numerous studies quantifying their 
presence, identifying their sources, and gauging their impact on human and environmental health. 
While these studies advance our understanding of the scope of microplastic pollution and their 
fate, less has been done to suppress their release in the first place, or to develop approaches to 
capture and isolate them. The SuMUp (Sequestering Microplastics using Upcycled Plastic waste) 
project envisions converting discarded polymeric materials into adhesives that selectively capture 
microplastics, and making devices out of these recycled materials to remove microplastics from 
water. In particular, the team has found that polyacrylic acid—which is widely used in 
superabsorbent materials—can be chemically recycled for exactly this purpose. The project team 
engages chemical experimentation and modeling alongside design and evaluation of microplastic 
capture setups to inform the science of selective microplastic capture. In addition to the science 
and engineering components, the team uses environmental, social, and economic lifecycle 
assessment to ensure that the bigger picture of recycling and remediation efforts are worthwhile. 
This talk will describe progress in the SuMUp project, identify ongoing challenges in microplastic 
remediation, and give a perspective on potential for practical solutions. 
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NSF center for sustainable polymers 

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

In this presentation I will highlight major research contributions from the NSF Center for 
Sustainable Polymers (CSP) at the intersection of sustainability and polymer science. The CSP 
was founded in 2009 and has been an NSF-supported Center for Chemical Innovation (CCI) 
since 2011. Our grand challenge research projects areas are (1) Efficient and sustainable 
conversion of biomass to polymer ingredients; (2) High-performance sustainable plastics and 
elastomers; and (3) Sustainable polymer degradation, chemical recycling, and compatibilization. I 
will present our recent work in these three areas and will also emphasize how we use the 
sustainable polymer framework developed within the CSP to categorize and guide our research 
efforts. Finally, I will discuss how collaborative frameworks are important for advancing the field of 
sustainable polymers by bringing together diverse expertise to work toward broad system-wide 
change to the current plastics/polymers enterprise into one that promotes, fosters and realizes 
sustainable practices and principles. 
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Plastics recycling, upcycling, and redesign in the BOTTLE consortium 

Gregg Beckham, gregg.beckham@nrel.gov. National Renewable Energy Laboratory, Golden, 
Colorado, United States  

The US Department of Energy-funded BOTTLE Consortium (Bio-Optimized Technologies to keep 
Thermoplastics out of Landfills and the Environment) aims to deliver selective and scalable 
technologies that enable cost-effective recycling, upcycling, and increased energy efficiency for 
plastics. This talk will review recent progress from the BOTTLE Consortium in the areas of 
chemo-catalytic deconstruction of polyolefins and mixed plastic waste, enzymatic recycling of 
polyesters, and redesign of synthetic polymers using bio-based and waste-based feedstocks. 
Efforts in techno-economic analysis and life cycle assessment to benchmark emerging processes 
in the chemical recycling and redesign of plastics will also be presented. 
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Reincarnation of polymers for the circular economy: An NSF EFRI E3P sponsored effort 

John R. Dorgan1, jd@msu.edu, Eric L. Hegg3, Annick Anctil2, Robert Ofoli1. (1) Chemical 
Engineering and Materials Science, Michigan State University, East Lansing, Michigan, United 
States (2) Civil and Environmental Engineering, Michigan State University, East Lansing, 
Michigan, United States (3) Chemistry and Biochemistry Department, Michigan State University, 
East Lansing, Michigan, United States  

To address plastic waste issues, a new interdisciplinary effort has been started that combines 
polymer material scientists with biochemists and experts in life cycle analysis. Plastics recycling 
and upcycling is pursued under the governing theme of chemo-enzymatic cascading, that is, 
through the combination of traditional and newer biochemical catalysts. Cascading is prevalent in 
nature and can be emulated (mimicked) in synthetic systems thereby offering new pathways for 
chemical recycling. An overview of the activities being pursued is presented. 

A prototypical example of biomimicry using polyesters demonstrates that the degradation rate of 
one polymer can be accelerated 10-fold (1000% increase) while decreasing the degradation of 
the other by only 34%. This prototypical example may point the way towards more advanced 
approaches for mitigating plastics waste problems, particularly in multilaminate film packaging. 
The conceptual idea is to design plastics that are functionally robust during their use but when 
mixed with other plastics at the end of life break down more easily. Other activities include the 
chemical oxidation of polyolefins followed by biochemical upgrading using enzymes. Presently 
unrecycled PET thermoformed containers are treated via ammonolysis in their conversion to 
diamine monomers. The resulting value-added monomers are reincarnated as new upcycled 
polyamides, polyaramides, polyesters, and poly(esteramides). 

Outreach activities are facilitated by using hand-held near infrared (NIR) spectroscopy. For 
example, participants use NIR to identify the materials they are working with while making art 
pieces from recycled plastics at MSU’s Art Lab. Accompanying “factoid sheets” teach basic 
conceptual principles of spectroscopy and polymer materials science. 

The unique technical approaches, interdisciplinary teaming, and NSF support are enabling 
progress towards creating a circular economy for plastic materials. 

 
EFRI E3P is advancing the state-of-the-art in plastics recycling  
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REMADE Institute: R&D accelerating the transition to a circular economy 

Ed Daniels, edaniels@remadeinstitute.org. REMADE Institute, West Henrietta, New York, United 
States  

This presentation will provide an overview of the REMADE Institute, one of the Department of 
Energy USA Manufacturing Institutes and will highlight research being conducted to increase the 
circularity of materials with a focus on polymers. The REMADE Institute invests in research and 
development to develop technology solutions to enable the increased remanufacturing and 
recycling of metals, polymers, fibers, and e-waste. REMADE also develops training programs and 
seminars for education and workforce development to support the transition to a circular 
economy. Increasing the recycling and remanufacturing of these materials can significantly 
contribute to an increase in energy efficiency, an increase in materials use efficiency and a 
reduction of GHG emissions in the domestic manufacturing sector. The current R&D portfolio of 
REMADE is structured across five activities including 1) Systems Analysis and Integration, 2) 
Manufacturing Materials Optimization, 3) Design for Re-X, 4) Remanufacturing and End-of-Life 
Reuse, and 5) Recovery and Recycling. This talk will outline the mission of the Institute, provide 
an overview of the structure and approach in developing the R&D portfolio, describe the 
institutional network represented by the more than 140 members of the Institute, and highlight the 
scope of research supported by REMADE. Selected polymer recycling projects from our research 
portfolio will be discussed and their beneficial energy, materials and environmental impacts will 
be presented. 
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Valorization of plastic waste via advanced separation and processing 

Paschalis Alexandridis, Karthik Dantu, Christian Ferger, Ali Ghasemi, Gabrielle Kerr, Vaishali 
Maheshkar, Javid Rzayev, jrzayev@buffalo.edu, Nicholas Stavinski, Thomas Thundat, Marina 
Tsianou, Luis A. Velarde, Yaoli Zhao. University at Buffalo, Buffalo, New York, United States  

With an overarching goal the reduction in the amount of plastic that ends up in landfills or 
incinerators and the increase in the amount of post-consumer plastic in various products, we 
research the (1) sorting of mixed plastic waste and (2) valorization of recovered plastic, with 
support from NSF award 2029375 (EFRI E3P: Valorization of Plastic Waste via Advanced 
Separation and Processing). The presentation highlights results from this collaborative team 
effort. High-throughput, real-time, stand-off detection of different types of plastics is advanced 
through the combination of novel sensor technology, spectral and image databases, and machine 
learning. Upcycling of sorted polyolefins is achieved through (i) selective dissolution/precipitation 
in environmentally responsible solvents to recover the target type of plastic, suitable for reuse in 
new products, and (ii) tailored chemical modification of polyolefins to produce functional waxes 
that can serve as building blocks for high-value materials. 

 

 
  



193 
 

Federally Funded Research for Polymer Circularity 

Environmental impacts and equity implications of advanced polymer recycling 

Thomas Hendrickson, Sarah Nordahl, Brett Helms, Corinne D. Scown, cdscown@lbl.gov. E O 
Lawrence Berkeley National Laboratory, Berkeley, California, United States  

Interest in advanced polymer recycling processes has grown dramatically in recent years, fueled 
by steady growth in plastic consumption, policies that limit the United States’ ability to export low-
value mixed recyclables streams, and an increased understanding microplastics’ ubiquity in the 
environment. Conventional mechanical recycling, in which plastics are washed, shredded, and 
melted to produce pellets of recycled plastic, is energetically favorable to manufacturing virgin 
material. However, this process produces an inferior product in many cases, contaminated with 
dyes and other additives, and unsuitable for a range of food contact applications. Pyrolysis and 
solvent-assisted recycling technologies offer the ability to generate either virgin-quality 
precursors, such as naphtha, or produce monomers or polymer chains that can offer more of the 
characteristics of virgin plastics. The question of how these processes can fit into the broader 
recycling infrastructure remains open and is dependent on the type of input material that works 
best, as well as the level of contamination present in the incoming waste streams. Also unknown 
is what advantages these advanced recycling processes offer in reducing fossil energy use and 
greenhouse gas emissions relative to producing virgin material. Finally, the redesign of waste 
management that must occur to divert more plastics from landfills provides an opportunity to 
deploy infrastructure in a more equitable manner, avoiding undue burden on disadvantaged 
communities. In this study, we explore the role of a wide range of polymer recycling technologies, 
including pyrolysis, glycolysis, acidolysis, and hydrolysis, to what the future of plastic recycling 
may mean for new sorting, mechanical recycling, and advanced recycling facility deployment 
across the United States. We also provide a state-level case study in which we identify a range of 
locations suitable for these new facilities and provide a range of scenarios in which the 
distributional impacts are incorporated into state-level plans. 
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Developing solutions for the real world: A need for a public/private/governmental 
collaboration 

Paul A. Kearns, Scott R. Trenor, scott.trenor@milliken.com. Plastic Additives, Milliken & 
Company, Spartanburg, South Carolina, United States  

In the quickly evolving spectrum of plastics sustainability, there are emerging needs for longer-
term research to help move the industry towards a low carbon future. These needs span the 
entire plastics lifecycle from design, manufacturing, enhancement and use of the currently 
available plastic materials. To realize a low carbon future, used materials must be returned into 
the circular economy of plastics where there are needs for improved sortation and recycling 
processes to enable the molecules to perform in the highest value and best use in their next life. 
This discussion will cover some of the research programs, infrastructure initiatives and 
public/private partnerships that would benefit from long term Federal policy support and help 
enable plastics to make a quicker transition to circularity and low carbon solutions. 
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Methods for quantifying and characterizing micro- and nanoplastic pollution in 
environmental samples 

Jennifer Lynch1,2, jennifer.lynch@nist.gov, Katherine Shaw1,2, John Kucklick1. (1) Chemical 
Sciences Division, National Institute of Standards and Technology, Charleston, South Carolina, 
United States (2) Center for Marine Debris Research, Hawaii Pacific University, Waimanalo, 
Hawaii, United States  

Use and mismanagement of plastics have led to an accumulation of plastic pollution in the 
environment, ranging from nanoplastic particles (< 1 µm) to megaplastic products. Polymers have 
diverse molecular structures, additives, environmental transport, fates, contaminant affinities and 
degradation rates, thus different impacts on organisms. Each size class poses a different threat to 
the environment, as well as a unique challenge to detect, isolate, identify and quantify polymers in 
complex environmental matrices. This presentation highlights the challenges and opportunities to 
measure plastics at every size in a collaboration between NIST and Hawaii Pacific University’s 
Center for Marine Debris Research (CMDR). Chemical methods are evolving rapidly to quantify 
microplastics (1 µm to 5 mm particles) from water, sand, sediment and digestive tracts of fish, 
seabirds and sea turtles. A “trifecta” of complementary instruments can provide comprehensive 
data on the number, size and polymer composition of microplastics (Fourier transform infrared 
[FTIR] microspectroscopy and Raman microspectroscopy) as well as mass fraction of micro- and 
nanoplastics (pyrolysis-gas chromatography mass spectrometry) in samples. Since 2019, NIST 
and CMDR’s trials have shown that one standardized method will not satisfy the needs of all 
complex environmental sample types. A workflow for extracting and quantifying microplastics for 
individual-particle measurements should always include: 1) anticipate the polymers and their 
chemical density in the chosen sample 2) identify potential chemicals for density separation or 
digestion 3) determine their compatibility with the expected polymers 4) modify separation 
apparatus for chosen sample and 5) perform spike recovery experiments. Our ongoing research 
tackles the challenges of quantifying micro- and the more challenging nano-plastics in the 
environment using chemical analytical techniques. 

  



196 
 

Federally Funded Research for Polymer Circularity 

How do ions and surfactants impact adhesion to microplastics? 

Timothy M. Jugovic, tjugovic@umich.edu, Paul M. Zimmerman. Chemistry, University of 
Michigan, Ann Arbor, Michigan, United States  

Microplastics (MPs) are a persistent environmental pollutant, composed of a variety of plastic 
types which have similar size, shape and chemical properties. Capture by polyacrylate-based 
adhesives (PAs) might be a useful innovation for remediation from the environment and the 
potential recycling of MPs, as PAs could selectively separate MPs based on plastic type. This 
work uses atomistic molecular dynamics simulations to quantify the work-of-adhesion between 
MPs and PAs as a guide to the design of materials that can effectively separate and purify MPs 
based on plastic type. The task of designing such materials, however, is complicated by the 
presence of surfactants and ions in the environment that could potentially interfere with adhesion. 
We will show that common surfactants found in laundry detergents, both ionic and non-ionic, can 
inhibit adhesion between PAs and MPs. The specific physical nature of the interactions will also 
be revealed through analysis of 2d Langmuir and 3d atomistic models. These interactions range 
in effect from strongly inhibitory of, to even enhancing of adhesion. This information can be used 
to predict overall adhesive ability in a wide variety of potential environments. Results of this work 
are being used in collaboration with the McNeil and Love groups at the University of Michigan, 
towards design of effective remediation and recycling techniques for MP waste. 
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Using data to strengthen circularity nationally and globally 

Erin Simon, erin.simon@wwfus.org. World Wildlife Fund, Washington, District of Columbia, 
United States  

World Wildlife Fund (WWF) is working towards a future with No Plastic in Nature by engaging 
stakeholders worldwide – including policy makers, corporate leaders, and activists – on 
transforming the broken systems at the root causes of the plastic waste crisis. 

Part of this systems-change effort relies on using comprehensive data, from up and down the 
plastic value chain, to help WWF identify the waste mitigation strategies with the highest impact 
potential. 

Soon the world will formalize a similar data-driven approach to enabling circular systems at a 
global scale as part of the UN’s international binding agreement to end plastic pollution, which is 
set to be negotiated by 2024. With a monitoring requirement anticipated as a part of its national 
action plans, the UN treaty is bringing into sharp focus the current inadequacies and gaps in 
plastic waste data collection and reporting at the national-level – and urgent need for countries to 
strengthen the infrastructure to support it once the treaty goes underway. 

In this presentation WWF’s Erin Simon will share what data-driven strategies at the voluntary 
level can teach us about what we need to look at in the context of a Global Treaty, and the unique 
opportunities the US has now to strengthen this critical pillar of circularity infrastructure. 
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Data, analysis and decision tools for evaluating the circular economy of plastics 

Alberta Carpenter, alberta.carpenter@nrel.gov. NREL, National Renewable Energy Laboratory, 
Golden, CO, US, academic/earth, Golden, Colorado, United States  

There is a proliferation research and literature around the impacts of plastic waste as well as the 
new technologies being developed to manage that plastic material. The challenges of improving 
the circularity of plastics requires analysis to consider the full complexity of the ecosystem for 
plastics from cradle to grave or cradle. This includes processes and infrastructure for collecting, 
sorting, separating, and recycling the plastic materials. The DOE funded BOTTLE (Bio-Optimized 
Technologies to keep Thermoplastics out of Landfills and the Environment) Consortium is 
focused on developing new chemical upcycling strategies for today's plastics and redesigning 
tomorrow's plastics to be recyclable-by-design and has adopted an analysis driven research 
agenda. This analysis starts with a techno-economic analysis (TEA), followed by use of the 
Materials Flows through Industry (MFI) tool to evaluate the energy and carbon impacts of the 
supply chain and then use of results from the TEA and MFI analysis to inform an analysis using 
NREL’s Bio-based circular carbon economy Environmentally-extended Input-Output Model 
(BEIOM) to understand the economy wide economic and environmental impacts. This analysis 
informs researchers on whether the technologies are meeting the economic and environmental 
targets set by the BOTTLE Consortium and where there are hotspots in the technology supply 
chain and process design and what are the tradeoffs. 

Given the complexity of the plastics ecosystem, different analysis methodologies are needed to 
be able to answer the different research questions and to understand what resources and 
research is needed to improve the circularity of plastics. NREL has applied different 
methodological approaches in trying to understand what the critical factors are for determining the 
availability and quality of recycling plastic resin, how to improve the recovery of plastics at end of 
life and what technology pathway and end use application is least impactful, that provides the 
best circularity outcomes and benefits for the economy. 
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Integrating chemical reaction networks with life cycle assessment for designing a 
sustainable and circular economy of plastics 

Vyom Thakker, thakker.8@osu.edu, Sunghoon Kim, Bhavik Bakshi. William G. Lowrie 
Department of Chemical and Biomolecular Engineering, Ohio State University, Columbus, Ohio, 
United States  

Material life cycles must be reformed for a Sustainable Circular Economy (SCE) to avoid 
exploitation of natural resources and waste pile-up in the environment. Particularly, plastic 
commodity networks are creating a menace to the environment and require immediate attention. 
It has become crucial to determine the most promising value-chains of plastics, not only for 
achieving SCE but also to balance trade-offs between aspects such as sustainability, circularity, 
and profitability. This requires integration of information at multiple scales ranging from chemical 
reaction networks to process design to global life cycles. We will describe a novel framework that 
enables such integration to select optimal pathways and guide research toward a sustainable and 
circular economy of plastics. This framework brings together methods such as reaction network 
flux analysis to model chemical reaction networks, process synthesis and superstructure 
optimization for choosing optimal pathways, and life cycle assessment to reduce environmental 
impact without burden shifting. This framework is applied to SCE design of products such as 
beverage bottles and grocery sacks. The results indicate trade-offs between objectives and help 
identify hotspots where further work and innovation could be most beneficial. 
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Upcycling plastic wastes by combining theory and experiment 

Steven T. Weinman1, stweinman@eng.ua.edu, Jason E. Bara1, jbara@eng.ua.edu, Milad 
Esfahani1, Steven Ritchie1, Paul Rupar2, Arial Shogren3, Tibor Szilvasi1, Christoffer H. Turner1. 
(1) Chemical & Biological Engineering, The University of Alabama, Tuscaloosa, Alabama, United 
States (2) Chemistry & Biochemistry, The University of Alabama, Tuscaloosa, Alabama, United 
States (3) Biological Sciences, The University of Alabama, Tuscaloosa, Alabama, United States  

Polyethylene (PE), polypropylene (PP), poly(vinyl chloride) (PVC), and polyethylene terephthalate 
(PET) are among the most common plastics we encounter every day. While the benefits of 
plastics to modern life are undeniable, the detrimental pollution created by these plastics can no 
longer be ignored. Through collaborative, interdisciplinary efforts at the University of Alabama, we 
are “upcycling” these plastic wastes into value-added products through several distinct 
approaches, each guided by the combination of theory and experiment.  

Among our major thrusts are the controlled modification of PVC to form elastomers useful as 
seals, gaskets, insulation, and in consumer products. This provides a new pathway to valuable 
rubbers, prevents the release of toxic compounds, and reduces reliance on fresh petroleum 
resources and hazardous feedstocks. We are also engineering new green solvents to overcome 
the challenges of dissolving and reprocessing polymer waster, which will allow for safer 
handling/processing of polymer solutions, drive process intensification, and reduce health and 
safety risks posed by the current processing conditions. We are utilizing electrospinning and other 
techniques to use waste plastics to make non-woven fabrics commonly used for household air 
filters and supports for water treatment membranes. Additionally, field sampling of plastic in local 
aquatic ecosystems is providing us with real waste samples for upcycling methods, and an 
estimate of the capacity for these approaches to reduce plastic pollution. Our projects support 
graduate and undergraduate students and mentoring of local high school students, teachers, and 
HBCU students through a summer immersion experience, along with STEM outreach programs 
for local K-12 students from underrepresented groups. 
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Upcycling commodity plastics, closed-loop manufacturing, and 
deconstruction/reconstruction of engineering plastics 

Tomonori Saito, saitot@ornl.gov. Chemical Sciences Division, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee, United States  

Over 400 million tons of solid plastics are globally produced annually and only ~9% of those are 
currently recycled in U.S.. To establish closed-loop circularity of plastics, our team has focused 
on upcycling commodity plastics, establishing low-carbon circular manufacturing, and 
deconstructing/reconstructing of engineering plastics. One of our approach to enable polymer 
circularity is to upcycle commodity plastics to vitrimers, new recyclable and reprocessable 
crosslinked polymers by the presence of dynamic exchangeable groups. In our study, we 
upcycled commodity thermoplastic elastomers to exceptionally tough adhesives, that widely 
exceed the adhesion of commercial adhesives. The incorporated dynamic boronic ester enabled 
reversible adhesion on many different surfaces, that allows debonding and rebonding with 
recyclability, a stark contrast to conventional single-use unrecyclable structural adhesives. In 
another system, we have established closed-loop additive manufacturing of upcycled commodity 
plastics by upcycling acrylonitrile butadiene styrene (ABS) into a recyclable, robust adaptive ABS-
vitrimer (re)printable via the most common additive manufacturing method, Fused Filament 
Fabrication (FFF). The full FFF-processing of ABS-vitrimer overcomes the major challenge of 
(re)printing crosslinked materials and produces stronger, tougher, solvent-resistant 3D objects 
directly reprintable and separatable from unsorted plastic waste. We also focused on developing 
robust vitrimer resins for carbon fiber composite application, that enables facile reprocessability 
and multi-cycle recyclability. Furthermore, we have developed highly efficient organocatalysts that 
enable low-energy and greener depolymerization pathways for engineering plastics including 
efficient deconstruction of diverse mixed plastics. Our finding contributes to establish the design 
principles for energy-efficient polymer deconstruction and lay a versatile platform for polymer 
reconstruction with tailored composition, topology, and functionality. This presentation will discuss 
our on-going efforts on multiple DOE funded projects including BES, EERE VTO, and LDRD. 
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Chemical recycling of non-isocyanate polyurethane and polythiourethane: Monomer 
recovery from networks and linear polymers and recovery of network cross-link density 
after reprocessing 

John M. Torkelson1,2, j-torkelson@northwestern.edu, Yixuan Chen1, Nicholas Mielke1, Marcus 
LaPorte1, Nathan S. Purwanto2, Boran Chen1. (1) Chemical and Biological Engineering, 
Northwestern University, Evanston, Illinois, United States (2) Materials Science and Engineering, 
Northwestern University, Evanston, Illinois, United States  

Conventional isocyanate-based polyurethane (PU) and polythiourethane (PTU) present 
challenges for green chemistry, sustainability, and the circular economy. First, isocyanates are 
toxic, with major negative implications for human health and the environment. Second, 
conventional PU is most often produced in network form, which disallows mechanical recycling 
via melt-state reprocessing because the permanent cross-links prevent melt flow. Here, in this 
Department of Energy funded study, we describe research in which we produce recyclable non-
isocyanate PU (NIPU) in the form of polyhydroxyurethane (PHU) and non-isocyanate PTU 
(NIPTU) via simple one-step or two-step chemistry. As designed, our network-based PHUs and 
NIPTUs can be reprocessed in the melt-state multiple times with full recovery of cross-link density 
and associated properties. We also demonstrate that PHU networks can be made in the form of 
foams, which is a common product format for conventional PU networks. Additionally, we show 
that linear NIPTUs can lead to network formation during melt-state processing via self-activated 
dynamic covalent disulfide linkages. Finally, an important end-of-life option for NIPU, NIPTU, and 
PTU is monomer recovery. We will discuss the challenges associated with developing a general 
approach for monomer recovery for each of these classes of polymer and show positive results 
with monomer recovery as high as ~50% for at least one of these materials. 
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Spore-incorporated biocomposite TPUs with improved toughness and biodegradation 

Han Sol Kim1, hskim0580@gmail.com, Myung Hyun Noh2, Adam Feist2, Jonathan K. Pokorski1. 
(1) NanoEngineering, University of California San Diego, La Jolla, California, United States (2) 
Bioengineering, University of California San Diego, La Jolla, California, United States  

Thermoplastic polyurethanes (TPUs) are extremely flexible and durable elastomers that can be 
used in a variety of applications such as automobile parts, footwear, medical devices, electronic 
devices, etc. However, there is no commercially-available recycling stream for TPUs, and thus 
most TPUs end up as waste in landfills. At the same time, slow degradation rates of TPUs in 
nature also make plastic pollution more serious. To mitigate the plastic pollution arising from TPU 
waste, herein, we propose incorporating bacterial spores as living filler materials during the melt 
processing of TPUs to improve both biodegradation and mechanical properties. We first screened 
and selected TPU-degrading and spore-forming bacteria. The bacterial strain was metabolically 
engineered to acquire improved heat tolerance because melt processing of TPUs often requires 
high temperatures up to 200 °C. Tensile tests revealed that incorporating spores as micron-scale 
fillers positively affected the mechanical properties of TPUs. We also extracted spores from the 
biocomposite TPUs and tested their viability. Colony forming unit assays showed significant 
survival of spores after the melt processing. It is also important to note that spores extracted from 
the biocomposite TPUs could be germinated into vegetative cells under the proper nutrition, 
representing the potential of spores in biocomposite TPUs for triggering biodegradation. This 
work demonstrates that spore-incorporated biocomposite TPUs can be a more sustainable option 
compared to standard TPUs, one of the most widely used polymers in the world, with improved 
tensile properties. 
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Effect of confinement and surface composition on the dynamics of polymers in porous 
solids 

Tian Ren, tianr@seas.upenn.edu, Renjing Huang, Ching-Yu Wang, Anirban Majumder, 
Raymond J. Gorte, Daeyeon Lee. Chemical and biomolecular engineering, University of 
Pennsylvania, Philadelphia, Pennsylvania, United States  

Characterization of polymer-solid interactions is critical for understanding the reaction of polymers 
on catalyst surfaces for polymer upcycling. In the present study, we measure rates for capillary 
infiltration of polystyrene (PS) and polyethylene (PE) into disordered packings of silica 
nanoparticles that had been modified by ALD with submonolayer and monolayer coverages of 
TiO2, WO3 and CaCO3. Infiltration times depend strongly on the size and surface composition of 
nanoparticles. The effective viscosities of polymers determined from the infiltration times and the 
Lucas-Washburn equation decrease linearly with pore size in the range from 2 to 18 nm. 
Infiltration rates measured as a function of surface composition are used to calculate contact 
angles and interfacial energies for PS and PE. To understand the effect of composition, 
microcalorimetry measurements with n-hexane and benzene on ALD-modified SBA-15 show a 
strong correlation between n-hexane adsorption and PE-solid interfacial energies and between 
benzene and PS-solid interfacial energies. The implications of these measurements for 
understanding reactions on solid surfaces will be discussed. 
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Understanding innovative solution processing to enable the use of recycled polymers in 
additive manufacturing 

Kaizhong Guan, Akan George, Mark D. Dadmun, dad@utk.edu. Chemistry, The University of 
Tennessee Knoxville, Knoxville, Tennessee, United States  

Powder Bed Fusion (PBF) is an important process in polymeric additive manufacturing. However, 
there exist limited polymers available for PBF, where most efforts use nylon. We will discuss 
ongoing research in our group to understand and control the rational development of scalable 
processing protocols that use liquid-liquid phase separation (LLPS) to reproducibly fabricate 
polymer powders that are suitable for powder bed fusion from polymers in the waste stream. In 
this process, the solvent quality of a polymer solution is reduced by a temperature quench or 
addition of non-solvent, causing the polymer to precipitate via phase separation. This results in 
the formation of polymer particles suitable for PBF that can be easily recovered, which also 
enables reclamation and reuse of solvent. Understanding the fundamental driving forces that 
guide the variation of final particle size with polymer solution concentration, polymer crystallinity, 
solvent type, and quench temperature provides pathways to rationally control the size and 
manufacturability of the final particles. 

This process has been used in our group to create powders that are suitable for PBF from 
products in the waste stream including polypropylene pill bottles, polyethylene terephthalate 
water bottles, high density polyethylene milk jugs, and low density polyethylene sandwich bags. 
The process of powder formation is driven by the phase separation of polymer solutions, which 
involves spinodal decomposition followed by Ostwald ripening and droplet coalescence. Control 
of powder formation requires understanding which of these processes regulates particle size in 
the precipitation process. We will discuss results that determine the impact of temperature, 
solution concentration, and molecular weight on formed particle size and offer important 
fundamental understanding into the phase separation processes that govern particle formation. 
This in turn offers insight that will enable the rational design of thermodynamic conditions required 
to create polymer powders that are suitable for powder bed fusion for a broad range of polymers 
from the waste stream using the LLPS process. 

 

 
SEM image of polypropylene powder formed from prescription bottles in the waste stream 

  



206 
 

Federally Funded Research for Polymer Circularity 

Catalytic upcycling of polyolefins by C-H bond functionalization 

John F. Hartwig1,2, jhartwig@berkeley.edu. (1) Chemistry, University of California Berkeley, 
Berkeley, California, United States (2) Chemical Sciences Division, E O Lawrence Berkeley 
National Laboratory, Berkeley, California, United States  

The conversion of polyolefins to higher value materials could contribute to our ability to reuse 
plastic waste and to use polyolefins with well-defined microstructures as the starting point for the 
creation of materials with new properties and functions. Our group has developed reactions that 
functionalize polyethylene and polyisobutylene at typically inert C-H bonds by a series of catalytic 
reactions that install hydroxyl, oxo, amino, and boryl groups. This presentation will include the 
development of these reactions, the mechanisms of these reactions, and the new properties 
created by the installation of this functionality. 
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Recycling of pretreated polyolefin-based ocean-bound plastic waste by incorporating clay 
and rubber 

Shawn Martey1, Shawn_Martey@Student.uml.edu, Keith Hendren2, Nicholas Farfaras1, Jesse 
Kelly2, Matthew Newsome2, Izabela Ciesielska-Wrobel3, Margaret J. Sobkowicz1, Wan-Ting 
Chen1. (1) Plastics Engineering, University of Massachusetts Lowell, Lowell, Massachusetts, 
United States (2) Luna Innovations Inc, Roanoke, Virginia, United States (3) Textiles, Fashion 
Merchandising and Design, University of Rhode Island, Kingston, Rhode Island, United States  

Plastic waste found in oceans has become a major concern because of its impact on marine 
organisms and human health. There is a significant global interest in recycling of these materials, 
but their reclamation, sorting, cleaning, and reprocessing, along with the degradation that occurs 
in the natural environment, all make it difficult to achieve high quality recycled resins from ocean 
plastic waste. To mitigate these limitations, various additives including clay and rubber were 
explored. In this study, we compounded different types of ocean bound (o-HDPE and o-PP) and 
virgin polymers (v-LDPE and v-PS) with various additives including a functionalized clay, styrene-
multi-block-copolymer (SMB), and ethylene propylene-based rubber (EPR). Physical observation 
showed that all blends containing PS were brittle due to the weak interfaces between the 
polyolefin regions and the PS domains within the polymer blend matrix. Blends containing clay 
showed rough surfaces and brittleness because of the non-uniform distribution of clay particles in 
the polymer matrix. To evaluate the properties and compatibility of the blends, characterizations 
using differential scanning calorimetry (DSC), scanning electron microscopy (SEM), and small-
amplitude oscillatory shear (SAOS) rheology were carried out. The polymer blend (v-LDPE, o-
HDPE, o-PP) containing EPR showed improved elasticity. Incorporating additives such as rubber 
could improve mechanical properties of polymer blends for recycling purposes. 
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Federally Funded Research for Polymer Circularity 

Circular carbon economy by converting plastic trash into lubricants and other higher 
value roducts 

Ryan Hackler1, Robert M. Kennedy1, Ian Peczak3, Uddhav Kanbur2, Magali Ferrandon1, Vincenzo 
Cappello1, Shishir Kumar1, Pingping Sun1, Aaron D. Sadow2, Kenneth R. Poeppelmeier3, 
Massimiliano Delferro1, delferro@anl.gov. (1) Argonne National Laboratory, Lemont, Illinois, 
United States (2) Ames Laboratory, Ames, Iowa, United States (3) Northwestern University, 
Evanston, Illinois, United States  

The global plastic waste crisis has been burgeoning for decades due to inadequate processing of 
post-consumer plastic. Traditional recycling methods have been unable to uptake the > 300 
million tons of plastic waste produced annually, largely leading to plastic being thrown into 
landfills and the environment. Furthermore, plastic production is projected to only increase as 
construction, shipping, and consumer applications continue to expand. Ultimately, this has led to 
an abundance of microplastics in the food chain, in our waterways, and in our bodies that will 
continue to grow. The work we have conducted aims to circumvent the current stream of plastic 
waste by converting it into higher value products, such as waxes, detergents, and lubricants in 
particular. We have designed a catalyst composed of ~2 nm Pt nanoparticles decorating 50 – 70 
nm SrTiO3 nanocubes (Pt/STO) that convert polyethylene (PE) and polypropylene (PP) of varying 
molecular weight (Mw = 4 – 900 kDa) and structure (HDPE, LLDPE, iPP, sPP, aPP, etc.) into wax 
and liquid C30 – C40 products. Cube-on-cube epitaxy prevents sintering of the Pt nanoparticles 
during 300 °C and 170 psi H2 batch reaction conditions. The resulting liquid products have been 
tribologically evaluated and found to perform comparably to high-end synthetic base oils, such as 
polyalphaolefins (PAOs). A 44% reduction in wear was also observed when compared to 
traditional Group III mineral oil. Blending these plastic-derived oils with synthetic oils also offered 
a synergistic reduction in wear when compared to standalone oils, hinting at an ease in market 
implementation with existing oil formulations. Explorations on analogous catalyst architectures 
using alternative metals are currently underway in attempts to improve reaction kinetics while 
maintaining the high yields to liquid product (99%) from Pt/STO. Testing of post-consumer mixed 
plastic feedstock with various contaminants and additives is also being done to ensure 
commercial viability of this catalytic technology at scale to effectively combat the plastic crisis. 
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Federally Funded Research for Polymer Circularity 

Catalytic upcycling of high-density polyethylene via a processive mechanism 

Wenyu Huang1, whuang@iastate.edu, Xun Wu1, Akalanka Tennakoon1, Alexander Paterson2, 
Smita Patnaik1, Yuchen Pei2, Anne M. LaPointe3, Salai Ammal4, Ryan Hackler5, Andreas 
Heyden4, Igor I. Slowing2,1, Geoffrey W. Coates3, Massimiliano Delferro5, Baron Peters6, Aaron D. 
Sadow1,2, Frederic A. Perras2. (1) Chemistry, Iowa State University, Ames, Iowa, United States 
(2) Ames Laboratory, Ames, Iowa, United States (3) Cornell University, Ithaca, New York, United 
States (4) University of South Carolina, Columbia, South Carolina, United States (5) Argonne 
National Laboratory, Lemont, Illinois, United States (6) University of Illinois Urbana-Champaign, 
Urbana, Illinois, United States  

Nowadays, there is no doubt that our society benefits from plastic products for a great multitude 
of applications, including manufacturing, food safety, packaging, transportation, healthcare, and 
scientific research. Geyer et al. reported that as of 2015, approximately 6300 Mt of plastic waste 
had been generated, and annually more than 350 Mt were annually produced now. A large 
number of accumulated plastic waste was mainly attributed to the chemical and physical 
inertness of the plastics. Currently, the mechanical approach has been adapted for plastic 
recycling. However, a downfall of this method is that the recycled products have deteriorated 
material properties compared to virgin plastics, reduce the economic incentives for recycling. A 
potential solution is chemical recycling, or “upcycling,” which converts plastic waste into high-
value industrial chemicals. Inspired by the processive enzyme in nature, a mesoporous 
shell/active site/core catalyst architecture (mSiO2/Pt/SiO2) was designed that has localized 
platinum nanoparticles at the interface of the core/shell. Solid-state NMR shows that with such 
MCM-41 type of pore geometry, polymers can be grabbed by the pore while maintaining essential 
mobility inside the pore. Catalytic hydrogenolysis employs this catalyst to deconstruct high-
density polyethylene proved the processivity behavior from these aspects: (1). High-temperature 
gel permeation chromatography characterization of the solid remainder at 10% conversion shows 
intact properties compared to the virgin polymer. (2). Liquid products yielded from the reaction 
have a narrow distribution. (3). No intermediate product was discovered between the polymer 
molecular weight and liquid product peaks. Combining all these characterizations and catalytic 
evidence show that this inorganic catalyst design behaves similar to the processive enzyme. 
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General Topics: New Synthesis & Characterization of Polymers 

 
Sunday: 10:00am - 01:00pm USA / Canada - Central - 
August 21, 2022 | Location: Virtual-only (Zoom) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Alina Alb, Presider; Megan Murphy, Presider 
Session Type: Oral - Virtual 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3720712 - Hierarchical assembly architectures based on 
surface-active polymer particles 
10:00am - 10:20am  
Nikunjkumar Visaveliya, Presenter 
 
3730738 - Circular polarized luminescence from chiroptical 
polymers of intrinsic microporosity triggered by chiral 
SPINOL units (on demand) 
10:20am - 10:40am 
Xinbo Wang, Presenter; Hao Guo; Ph.D Cong Yu; Yuanju 
Jing; Chun Kang 
 
3724572 - Antibacterial activity of electrospun 
polyacrylonitrile nanocomposite matrices coated with 
silver and copper nanoparticles (on demand)  
10:40am - 11:00am  
Mr. William B Wang, Presenter; Jude Clapper 
 
3734720 - Soluble-shell polymers (SSP) with end-functional 
crosslinking technology 
11:00am - 11:20am  
Dr. Melinda L. Einsla, Presenter; Vladislav Telyatnikov; 
Johnpeter Ngunjiri; Sipei Zhang; Gary Dombrowski 
 
3739986 - Understanding the effect of crosslinkers to the 
performance and stability of tunable UV and thermal 
curable poly(arylene ether) for 3D printing 
11:20am - 11:40am  
Nichole Boyer, Presenter; Natalie Arnett 
 
Intermision - 11:40am - 12:00pm 
 
3740072 - Argon cluster sputtering reveals the internal 
chemical distribution in heterogenous polymeric 
nanoparticles (on demand) 
12:00pm - 12:20pm  
Dr Yiwen Pei, Presenter; David Cant; Caterina Minelli; 
Alexander Shard 
 
3742070 - Monitoring light scattering signatures as means 
to tune parameters of evolving materials in time-
dependent processes 
12:20pm - 12:40pm  
Alina Alb, Presenter 
 

3747985 - On-demand photothermal synthesis of 
thermally-generated polymers 
12:40pm - 01:00pm 
Benjamin Lear, Presenter; Nate Ginder; Sarah Phillips 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

Sunday: 03:00pm - 04:00pm USA / Canada - Central - 
August 21, 2022 | Location: Virtual-only (Zoom) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Dr. Anthony Gies, Presider; Hideyuki 
Kanematsu, Presider 
Session Type: Oral - Virtual 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3753049 - Withdrawn - 03:00pm - 03:20pm 
 
3753489 - Infectivity evaluation of some polymeric 
materials by using plaque assay off feline caliciviruses 
03:20pm - 03:40pm 
Hideyuki Kanematsu, Presenter; Akiko Ogawa; Toma 
Tamura; Eri Nakajima; Takeshi Kogo; Risa Kawai; 
Nobumitsu Hirai; Michiko Yoshitake; Yasuo Imoto; Dana 
Barry, Presenter 
 
3754856 - Microstructure characterization of 
functionalized ethylene/propylene polyolefins 
03:40pm - 04:00pm 
Dr. Anthony Gies, Presenter; Zhe Zhou; Lixin Sun; Endre 
Szuromi; Tianzi Huang; Arkady Krasovskiy; Sukrit 
Mukhopadhyay; Eldad Herceg; Ilia Kobylianskii; Zhi Shi; 
Jeremy Reyes 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

Monday, 08:00am - 12:00pm USA / Canada - Central - 
August 22, 2022 | Location: S105d (McCormick Place 
Convention Center) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer, Presider; Csilla Gyorgy, Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3740448 - Separation and characterization of polyolefin-b-
syndiotactic polystyrene block copolymers by high 
temperature high-performance liquid chromatography and 
NMR 
08:00am - 08:20am  
Yongfu Li, Presenter; Eric Pearce; Sam Qiu; Evelyn 
Auyeung; Rhett Baillie; Rachel Brooner; David Meunier; 
Yanshan Gao; Tobin Marks 
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3739384 - Solvent effects on a mechanochemical reaction 
08:20am - 08:40am 
Yangju Lin, Presenter; Stephen Craig 
 
3740986 - Aqueous electrochemical synthesis of polymers 
using ATRP on the nano/macro scale 
08:40am - 09:00am 
Mahir Mohammed, Presenter 
 
3737788 - Adsorption of epoxy-functional block copolymer 
nanoparticles onto stainless steel 
09:00am - 09:20am 
Csilla Gyorgy, Presenter; Steven Armes 
 
3741346 - Withdrawn - 09:20am - 09:40am  
 
3741292 - Effect of positional variation of pendant cationic 
amines on the mechanical and surface properties of 
polycaprolactone based segmented polyurethanes 
09:40am - 10:00am 
Chinnapatch Tantisuwanno, Presenter; Abraham Joy 
 
Intermission - 10:00am - 10:20am 
 
3740585 - Next generation poly(ladder) ROMPs: Altering 
grafting density and sidechain degree of polymerization for 
improved stability 
10:20am - 10:40am 
Kayla Roberta Storme, Presenter; Sharon Lin; Francesco 
Benedetti; You-Chi Wu; Sherrie Qian; Timothy Swager; 
Zachary Smith 
 
3742111 - Condensed drop polymerization: A versatile and 
rapid approach to synthesize polymer nanoparticles 
10:40am - 11:00am 
Prof. Rong Yang, Presenter 
 
3742208 - Sequence-definition for material and biomedical 
application of future polymers 
11:00am - 11:20am 
Anna Jose, Presenter; Mintu Porel 
 
3742437 - Polymer brushes formed onto surfaces from 
linear triblock terpolymer precursors 
11:20am - 11:40am 
Konstantinos Artopoiadis; Christina Miskaki; Dimitrios 
Moschovas; Nikolaos Politakos; Maria Karabela; Nikolaos 
Zafeiropoulos; Rong-Ming Ho; Dimitri Ivanov; Apostolos 
Avgeropoulos, Presenter 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

Session Type: Oral - In-person 

3733536 - Effect of chemical identity and morphology in 
amphiphilic-zwitterionic copolymer membranes 
11:40am - 12:00pm USA / Canada - Central - August 22, 
2022 | Location: S105d (McCormick Place Convention 
Center) 
ria ghosh, Presenter; E Coughlin 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

02:00pm - 06:00pm USA / Canada - Central - August 22, 
2022 | Location: S105d (McCormick Place Convention 
Center) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Laura Hart, Presider; Prof. Scott Grayson, 
Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3737675 - Investigation of photoredox-mediated ROMP 
copolymers 
02:00pm - 02:20pm 
Anthony Sumlin, Presenter; AJ Boydston 
 
3728170 - Withdrawn - 02:20pm - 02:40pm 
 
3743110 - Templating entanglements in polymer networks 
02:40pm - 03:00pm 
Benjamin Kruse, Presenter; Erin Krist; Aleksandr 
Zhukhovitskiy 
 
3743313 - Exploring charge transfer and polymerizations 
within self-assembled bis-urea macrocycles 
03:00pm - 03:20pm 
Md Faizul Islam; Linda Shimizu, Presenter 
 
3742902 - Side-chain-functionalized helical 
poly(isocyanide)s 
03:20pm - 03:40pm 
Chengyuan Wang, Presenter; Marcus Weck 
 
3743922 - Varying free ring density via clicking 
pseudo[2]rotaxanes together 
03:40pm - 04:00pm 
Laura Hart, Presenter; Stuart Rowan 
 
Intermission - 04:00pm - 04:20pm 
 
3744059 - Upper critical solution temperature star 
polymers: Temperature response and trapping of small 
molecules 
04:20pm - 04:40pm 
Aliaksei Aliakseyeu, Presenter; Svetlana Sukhishvili 
 
3740170 - Tandem MS of bis-MPA dendrimer, 
hyperbranched polymers, and linear polymers 
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04:40pm - 05:00pm  
Prof. Scott Grayson, Presenter; McKenna Redding; Robert 
English 
 
3744178 - Synthesis and characterization of sulfonimide 
based anionic ionenes 
05:00pm - 05:20pm 
Keith Watson, Presenter; Paul A Rupar 
 
3728326 - Durable photografted zwitterionic hydrogel 
coatings decrease biofouling and friction on biomaterials 
05:20pm - 05:40pm  
Adreann Peel, Presenter; Douglas Bennion; Ryan Horne; 
Megan Jensen; Marlan Hansen; Allan Guymon 
 
3734795 - Investigation of the protein corona of polymeric 
nanoparticles synthesised via RAFT emulsion 
05:40pm - 06:00pm 
Miss Hannah Grace Burnage, Presenter; Jeaniffer Yap; 
Robert Richardson; Robert Dallmann; Prof Sebastien 
Perrier 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

Tuesday, 08:00am - 12:00pm USA / Canada - Central - 
August 23, 2022 | Location: S105d (McCormick Place 
Convention Center) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Jess M. Clough, Presider; Rory McBride, Presider 
 
3744472 - Step-growth polymerization of new bulky 
monomers for high Tg polyesters and microfibers 
08:00am - 08:20am 
Kaitlyn Crawford, Presenter 
 
3739452 - Hierarchically structured mechanochromic 
deformation-sensing pigments 
08:20am - 08:40am  
Jess M. Clough, Presenter; Bodo Wilts; Cedric Kilchoer; 
Hugo Brummer; Dr. Christoph Weder 
 
3745328 - Withdrawn - 08:40am - 09:00am 
 
3745944 - Withdrawn - 09:00am - 09:20am 
 
3739165 - Modulating protein-like polymer backbones to 
recapitulate protein function 
09:20am - 09:40am  
Madeline Hopps, Presenter; Kendal Carrow; Nathan 
Gianneschi 
 
3749891 - Facile template-polymerization of controllable 
nano-ring 
09:40am - 10:00am 
Chung-Hao Liu, Presenter; Catherine Cheu; Mu-Ping Nieh 

 
3734513 - Data-driven design and synthesis of new liquid 
crystal polyimides 
10:00am - 10:20am 
Stephen Wu, Presenter; Hayato Maeda; Yuta Nabae; 
Teruaki Hayakawa; Yoh Noguchi; Yoshihiro Hayashi; Ryo 
Yoshida; Junko Morikawa 
 
3749538 - Self-condensing ring-opening metathesis 
polymerization: A novel approach to hyperbranched 
polymers 
10:20am - 10:40am 
Hanan Almuzaini, Presenter; Grace Dinges; Carla 
Slebodnick; Michael Schulz 
 
3753234 - Withdrawn - 10:40am - 11:00am  
 
3753754 - Self-assembled nanoparticles from bis-
palmitoylated and quaternized chitosan: Promising 
materials for gene delivery 
11:00am - 11:20am  
Kornkanya Pratumyot, Presenter; Thev Pol 
 
3753865 - Synthesis of high molecular weight water-
soluble polymers as low-viscosity nanoparticles by RAFT 
aqueous dispersion polymerization in highly salty media 
11:20am - 11:40am 
Rory McBride, Presenter; John Miller; Adam Blanazs; Hans-
Joachim Haehnle; Steven Armes 
 
3752440 - Withdrawn - 11:40am - 12:00pm 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

02:00pm - 06:00pm USA / Canada - Central - August 23, 
2022 | Location: S105d (McCormick Place Convention 
Center) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Ophelia Wadsworth, Presider; Michael Schulz, 
Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3752170 - Synthesis of highly fluorinated polynorbornenes 
through dispersion polymerization 
02:00pm - 02:20pm  
Jeewoo Lim, Presenter 
 
3754130 - Exploring the connections between chelating 
polymer structure and rare-earth element binding 
thermodynamics 
02:20pm - 02:40pm  
Michael Schulz, Presenter; William Archer; Connor 
Gallagher 
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3744079 - Insights into the mechanism of the zwitterionic 
ring-opening polymerization of aziridine 
02:40pm - 03:00pm 
Chandan Giri, Presenter; Paul A Rupar 
 
3754538 - Elucidating ion-pairing effects in metal-free ring-
opening metathesis polymerization 
03:00pm - 03:20pm 
Sean Gitter, Presenter; AJ Boydston 
 
3754608 - Development of photoinduced olefin 
polymerizations 
03:20pm - 03:40pm 
Prof. Brian Long, Presenter; Justin Burroughs; Jordan Kaiser 
 
3754778 - Probing the interactions between doxorubicin 
and polymers for drug capture 
03:40pm - 04:00pm  
Ophelia Wadsworth, Presenter; Michael Schulz 
 
3737509 - Effects of backbone alkene stereochemistry on 
the bioactivity of peptide-modified polynorbornene brush 
polymers 
04:00pm - 04:20pm 
Omar Ebrahim, Presenter; Spencer Burton; Or Berger; 
Kendal Carrow; Matthew Thompson; Nathan Gianneschi 
 
3754086 - Leveraging non-covalent interactions for 
preceramic polymer-grafted nanoparticles 
04:20pm - 04:40pm  
Nicholas Posey, Presenter; Dr. Kara L Martin; Matthew 
Dickerson 
 
3754681 - Photochromic polymers based on the photo-
activation of 2,2’-bipyridine-sulfur dioxide donor-acceptor 
complex 
04:40pm - 05:00pm 
Connor Filbin; Olajumoke Dunsin Adeyiga; Christopher 
Mallon; Professor Matthew J Tucker; Samuel Odoh; Ying 
Yang, Presenter 
 
3755119 - Oxygen-proof, green-light-induced atom 
transfer radical polymerization 
05:00pm - 05:20pm 
Dr. Grzegorz Szczepaniak, Presenter; Jaepil Jeong; Kriti 
Kapil; Sajjad Dadashi-Silab; Saigopalakrishna Yerneni; Sushil 
Lathwal; Subha Das; Krzysztof Matyjaszewski 
 
3755404 - One-pot synthesis of porphyrin-based ionic 
covalent organic frameworks for iodine uptake 
05:20pm - 05:40pm 
Syed Ibrahim Gnani Peer Mohamed, Presenter; G P Syed 
Ibrahim, Presenter; Siamak Nejati 
 

3755541 - Synthesis and self-assembly of high-χ block 
copolymers 
05:40pm - 06:00pm 
Polyxeni P. Angelopoulou, Presenter; Jihua Chen; Jong K. 
keum; Kunlun Hong; Georgios Sakellariou 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

Wednesday, 08:00am - 12:00pm USA / Canada - Central - 
August 24, 2022 | Location: S105d (McCormick Place 
Convention Center) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Dr. Matan Mussel, Presider; Rachel Tritt, 
Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3719709 - Withdrawn - 08:00am - 08:20am 
 
3720162 - Versatile and straightforward process to turn 
plastics into antibacterial materials 
08:20am - 08:40am 
Catherine Lefay, Presenter 
 
3721150 - Transient changes in degree of swelling and ion 
partitioning of negatively charged polyelectrolyte gels 
08:40am - 09:00am  
Dr. Matan Mussel, Presenter; Owen Lewis; Peter Basser; 
Ferenc Horkay 
 
3728399 - Polyolefin-acrylic hybrid latex particles: 
Additives in engineering plastics 
09:00am - 09:20am 
Dr. Matthew Carter, Presenter; Pu Luo; Robert Moglia; 
John Kohn; Doug Hasso; Miroslav Janco; Junsi Gu; Dr. Wei 
Gao; Johnpeter Ngunjiri; Catheryn Jackson 
 
3731327 - Dielectric barrier discharge plasma 
polymerization 
09:20am - 09:40am  
Sky Harper, Presenter; Haifeng Ji 
 
3731446 - How kinetic modeling is improving radical ring-
opening polymerization 
09:40am - 10:00am 
Yohann Guillaneuf, Presenter 
 
Intermission - 10:00am - 10:20am  
 
3731994 - Silk like polymer: Chemical synthesis & use 
10:20am - 10:40am  
Amrita Sarkar, Presenter 
 
3731410 - Quantitative approach to evaluate haptics of 
soft-touch waterborne coatings 
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10:40am - 11:00am  
Xiangyi Zhang, Presenter; Ibrahim Eryazici; Edwin 
Nungesser; Johnpeter Ngunjiri; Tanya Fry; Joseph Hoefler 
 
3730639 - Facile access to linear ABC triblock terpolymer 
libraries via chromatographic separation 
11:00am - 11:20am 
Elizabeth Murphy, Presenter; Morgan Bates; Christopher 
Bates; Craig Hawker 
 
3734037 - Photoredox catalyst scope in metal-free ring-
opening metathesis polymerization 
11:20am - 11:40am 
Rachel Tritt, Presenter; AJ Boydston 
 
3737152 - Withdrawn - 11:40am - 12:00pm 
 

General Topics: New Synthesis & Characterization of 
Polymers: 

Wednesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 24, 2022 | Location: S105d (McCormick Place 
Convention Center) 
Dana Garcia; Ferenc Horkay, Organizer; Yongfu Li, 
Organizer; Oluwafemi Ogunlalu, Presider; Christopher 
Hobbs, Presider 
Session Type: Oral - In-person 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3737613 - Piezonanoparticles and aryl onium salts 
facilitate metal free mechanoredox process for free and 
controlled radical polymerization 
02:00pm - 02:20pm 
Progyateg Chakma, Presenter; Matthew Ross Golder; Sarah 
Zeitler 
 
3738387 - Core substitution of N,N-diaryl 
dihydrophenazine photocatalysts for improved 
polymerization control and mechanistic insight in 
organocatalyzed atom transfer radical polymerization 
02:20pm - 02:40pm  
Katherine Puffer, Presenter; Daniel Corbin; Katherine 
Chism; Anna Wolff; Garret Miyake 
 
3737965 - Poly(cyclosilane) connectivity tunes optical 
absorbance 
02:40pm - 03:00pm  
Fan Fang, Presenter; Qifeng Jiang; Rebekka Klausen 
 

3735471 - Withdrawn - 03:00pm - 03:20pm 
 
3727269 - Aldehyde-functional diblock copolymer nano-
objects via RAFT aqueous dispersion polymerization 
03:20pm - 03:40pm 
Emma Brotherton, Presenter; Steven Armes 
 
3737847 - Verdazyl and nitronyl radical-containing 
polymers for organic electromagnetic devices 
03:40pm - 04:00pm 
Oluwafemi Ogunlalu, Presenter; Kuluni Perera; Hamas 
Tahir; Ho Joong Kim; Prof Jianguo Mei; Bryan Boudouris 
 
Intermission - 04:00pm - 04:20pm 
 
3739252 - Determination of chlorine, bromine, and sulfur 
in halobutyl rubber samples using hydropyrolytic 
combustion IC 
04:20pm - 04:40pm 
Terri Christison, Presenter; Jeffrey Rohrer 
 
3737920 - Expanding the realm of dye-labelled poly(2-
oxazoline)s beyond probing behaviour 
04:40pm - 05:00pm USA / Canada - Central - August 24, 
2022 | Location: S105d (McCormick Place Convention 
Center) 
Ronald Merckx, Presenter; Victor Jerca; Thomas Swift; 
Prof. Richard Hoogenboom 
 
3727407 - Tetracyanocyclopentadienide-based stable 
poly(aromatic) anions 
05:00pm - 05:20pm  
Mustafa Ahmed, Presenter; Dung Tran; John Putziger; 
Zhifan Ke; Ashkan Abtahi; Zhiyang Wang; Ke Chen; Kai 
Lang; Prof Jianguo Mei 
 
3740182 - Radical-induced degradation of thioaminals to 
create two-stage photodegradable networks 
05:20pm - 05:40pm 
Juan J Hernandez, Presenter; Yunfeng Hu; Adam Dobson; 
Christopher Bowman 
 
3739975 - Stereodefined polymers through olefin 
metathesis 
05:40pm - 06:00pm 
Samuel Kempel, Presenter; Ting-Wei Hsu; Quentin 
Michaudel 
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Hierarchical assembly architectures based on surface-active polymer particles 

Nikunjkumar R. Visaveliya, nvisaveliya@ccny.cuny.edu. Chemistry and Biochemistry, The City 
College of New York, New York, New York, United States  

When assembly of two or more different types of polymer particles takes place, novel and 
advanced properties can be generated which is difficult to realized by individual types of 
nanoparticles alone. The engineering of polymer nanoparticles with controlled properties is very 
promising for various applications. Furthermore, assembly architectures of functional polymer 
particles in hierarchical manners are useful because of their physicochemical and surface 
properties for multi-labeling and sensing to catalysis and biomedical applications. Usually, 
polymer nanoparticles’ interior is mainly made up of the cross-linked network. On the other side, 
the surface of polymer nanoparticles can be tailored with soft, flexible, and responsive molecules 
and macromolecules as potential support for the controlled particulate assemblies. Molecular 
surfactants with amphiphilic characters and charged polyelectrolytes as interfacial agents improve 
the stability of the nanoparticles whereas a swellable and soft shell-like hydrophilic cross-linked 
polymeric layer at the interface on the hydrophobic core can significantly enhance the uptake of 
guest nano-constituents during their interactions to form the assembly architectures. Moreover, 
layer-by-layer surface-functionalization holds the ability to provide a high variability in assembly 
architectures of different interfacial properties. Based on these promises, various assembly 
architectures of polymer nanoparticles of tunable size, shapes, morphology, and tailored 
interfaces together with controllable interfacial interactions are presented here. The microfluidic-
supported platform has been used for the synthesis of constituent polymer nanoparticles of 
various structural and interfacial properties, and their assemblies from the nanoscale to 
microscale in hierarchical order are formed in batch or flow conditions. Overall, various types of 
assembling systems of the polymer particles via self-assembly, electrostatic assembly, and 
multiscale assembly by embedding smaller components in larger ones are presented. 
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Circular polarized luminescence from chiroptical polymers of intrinsic microporosity 
triggered by chiral SPINOL units 

Xinbo Wang, wangxb@sdu.edu.cn, Hao Guo, Cong Yu, Yuanju Jing, Chun Kang. Shandong 
University, Qingdao, Shandong, China  

Polymers with intrinsic microporosity (PIMs) have recently received increasing interest in the 
fields of gas separation, sensors, catalysts, and so on, due to their high microporosity and good 
solution processability. However, PIMs with chiral backbones are quite limited, which undoubtedly 
hinders their applications in many areas such as chiral separation and optoelectronics. Herein, a 
practical synthetic route were reported to gain cyclohexyl-fused tetrahydroxyl spirobiindanetetraol 
(SPINOL) monomer with high optical purity [96% enantiomeric excess (ee)] through a sequential 
Ir-catalyzed enantioselective hydrogenation and TiCl4-promoted intramolecular Friedel-Crafts 
(FC) alkylation reactions and a chiroptical polymer named (-)-CCS-PIM in tens of grams was 
successfully synthesized in the lab by this method. Besides some properties such as 
microporosity, solubility, stability, film processability, and strong FL being comparable with PIM-1 
as expected, extra advantages of (-)-CCS-PIM such as more rigid dihedral angle and intrinsic 
chiroptical properties were obtained. More interestingly, circular polarized luminescence (CPL) 
emission was observed for the first time in a nonconjugated porous polymer film without any side-
chain modification or grafting. Polymers offered the potential to amplify chiroptical properties. 
Particularly, the polymers with strong polarized luminescence and good capacity to prepare thin 
films for optoelectronic devices by facile solution processes have been a promising field of 
research. The CPL properties of (-)-CCS-PIM in both the solution form and dry film form were 
satisfactorily detected. The presence of a rigid chiral helical backbone of the polymer is crucial for 
the generation of CPL emissions. In the solid film, the degree of freedom of the polymer chains is 
further diminished than in the solution form, preventing luminescent chromophore aggregation-
induced FL quenching, thus resulting in stronger CPL emission. The introduction of chiral 
SPINOL units endows the polymer with unique optical circularly polarized luminescence, 
producing the first example of a PIM membrane with CPL property. In addition to straightforward 
scalability, good film formation and flexibility herald a promising future for the CPL PIMs. 
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Antibacterial activity of electrospun polyacrylonitrile nanocomposite matrices coated with 
silver and copper nanoparticles 

William B. Wang1, williamwang178243@gmail.com, Jude Clapper2. (1) Taipei American School, 
Taipei, Taiwan (2) Upper School Scientific Research Department, Taipei American School, 
Taipei, Taiwan  

Bacteria induced diseases are easily transmitted through respiratory droplets expelled from a 
person’s nose or mouth. Recently, human beings have suffered from unpredictable clinical 
outcomes due to the rapid transmission, high infectivity, and antibiotic resistance of these 
diseases. As a result, it has become increasingly important for researchers to discover materials 
that disrupt bacterial growth and transmission. Silver nanoparticles (AgNPs) and copper 
nanoparticles (CuNPs) are known to have antimicrobial properties, as they penetrate and rupture 
the cell membrane of bacteria. In this study, we investigated the antibacterial properties of 
polyacrylonitrile (PAN) based nanocomposites coated with different concentrations AgNPs and 
CuNPs. Various concentrations of silver nitrate (AgNO3) or Copper sulfate (CuSO4) and 
polyacrylonitrile (PAN) were mixed into dimethylformamide (DMF) solution, an electrospinning 
solution that also acts as a reducing agent for AgNO3 and CuSO4. The resulting nanocolloid was 
then electrospun into different nanocomposite matrices. Vancomycin-intermediate and Methicillin-
resistant isolates of Staphylococcus aureus, an infective strain that causes pneumonia and 
bacteremia, were incubated with cutouts of various nanocomposites using a disk diffusion method 
on Luria-Bertani (LB) agar to test for the polymers’ antibacterial properties. Herein, we disclose 
optimal compositions of AgNPs and CuNPs in PAN fiber that have successfully demonstrated 
antibacterial activity against bacteria that were otherwise resistant to highly effective antibiotics. 

 
Fig 1: Experimental Flowchart for the Present Study 
 
Fig 2: SEM Elemental Distribution of 15% AgNPs/PAN Nanocomposite  
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Soluble-shell polymers (SSP) with end-functional crosslinking technology 

Melinda Einsla, mlhill@vt.edu, Vladislav Telyatnikov, Johnpeter Ngunjiri, Sipei Zhang, Gary 
Dombrowski. The Dow Chemical Company, Collegeville, Pennsylvania, United States  

Soluble-shell polymers (SSPs) are emulsion particles with a core-shell morphology where the 
core is a high-molecular weight acrylic polymer with low to no acid and the shell is a lower-
molecular weight (typically 3,000-50,000 Da), high-acid oligomer. The soluble “shell” is often 
referred to in the literature as an alkali-soluble resin (ASR) due to its solubility in water at high pH 
and can be used in partial or full replacement of surfactant to stabilize the subsequent core. We 
have synthesized a series of acrylic soluble-shell polymers with an end-chain alkoxysilane 
crosslinkable moiety. The crosslinking was achieved by using mercaptopropyltrimethoxysilane 
(MPTMS) as a chain transfer agent in the first stage of the acrylic synthesis. Introducing 
crosslinking functionality via a functional chain transfer agent allowed for end-functionality rather 
than a random distribution of reactive groups. MPTMS was effective at mitigating the molecular 
weight of the acrylic shell. The resulting dried films showed improved mechanical properties and 
thermo-mechanical stability, as shown in the figure below. Polymers without reactive crosslinking 
groups flowed at elevated temperature, as did a polymer with a randomly distributed alkoxysilane 
crosslinker (methacryloxypropyl trimethoxysilane, MATS). However, polymers synthesized with 
end-functional alkoxysilane crosslinkable groups did not exhibit this necking behavior. 
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Understanding the effect of crosslinkers to the performance and stability of tunable UV 
and thermal curable poly(arylene ether) for 3D printing 

Nichole E. Boyer, nichole1.boyer@famu.edu, Natalie Y. Arnett. Chemical & Biochemical 
Engineering, Florida A&M University-Florida State University College of Engineering, 
Tallahassee, Florida, United States  

The goal of this project is to synthesize and characterize poly(arylene ether)s with UV and 
thermally curable functionalities through the inclusion of 2-(bis(4-hydroxyphenyl)methyl) benzoic 
acid monomer (phenolphthalin) into the PAE backbone. Chemical cross-linking methods have 
been widely employed to optimize membrane morphology and improve the physical properties 
using cross-linkers such as dihalides, diols, dithiols, and dicarboxylic acids under basic or 
catalytic conditions. The mode of crosslinking is generally initiated through thermal or UV stimuli 
allowing for a wide range of polymer structures to be prepared. Interestedly, no reports of 
combining UV/thermal crosslinking sites into a single PAE polymer have been found in the 
literature. Combining the properties of PAE thermal and UV crosslinkable polymers could result in 
the formation of membranes with tunable thermal, mechanical, and processing properties 
controlled by the concentration of the crosslinking site and agent used. Therefore, the purpose of 
this work is to develop modifiable PAE polymers for efficient processing and manufacturing of 
versatile material by 3-D printing. PAE of with carboxylic acid active sites along the backbone will 
be synthesized and these functional sites will be crosslinked to generate various microstructures. 
Ideally, a synthetic platform to tailor a variety of PAE polymer with optimized properties for 3-D 
printing can be achieved. 
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Argon cluster sputtering reveals the internal chemical distribution in heterogenous 
polymeric nanoparticles 

Yiwen Pei, yiwen.pei@npl.co.uk, David J. Cant, Caterina Minelli, Alexander Shard. Department 
of Chemical and Biological Sciences, National Physical Laboratory, Teddington, United Kingdom  

Heterogenous polymeric nanoparticles have been widely applied in many areas, including 
pharmaceutical, electronics, food and agriculture industries. The ability to measure the internal 
chemical distribution in these nanoparticles can significantly support the development and testing 
of products relevant to these industries. X-ray photoelectron spectroscopy (XPS) provides 
quantitative chemical information of material surfaces. Argon cluster sputtering is typically used 
for the controlled removal of superficial layers and exposure of buried material. In this work, we 
used XPS sputter depth profiling with argon cluster ions to perform chemical depth profiling of 
polymeric core/shell nanoparticles. 

We demonstrate, for the first time, that XPS and time-of-flight secondary ion mass spectrometry 
(TOF-SIMS) coupled with argon cluster sputtering can be used for chemical depth profiling of 
heterogenous polymer nanoparticles, providing valuable information on their chemistry and 
structure. We first carefully investigated the sputtering behaviour of spherical polystyrene 
nanoparticle using an argon cluster beam and scanning electron microscopy (SEM). Based on 
these observations, we then developed a geometric model to interpret quantitative chemical 
depth profiling of nanoparticles using XPS and TOF-SIMS. We successfully applied this model to 
analyse the structure and chemistry of nonideal poly(tetrafluoroethylene)-poly(methyl 
methacrylate) (PTFE-PMMA) core/shell particles with an average diameter of approximately 150 
nm (Figure 1). The PTFE core of the particles contains the element fluorine that is not present in 
the PMMA shell, and therefore allows the size and quantity of the core materials to be determined 
during the analysis. In conclusion, the approach developed here is useful in the analysis of 
organic multicomponent nanoparticles. It complements microscopic analysis by providing average 
chemical and structure information across a large particle population. 

 

 
Figure 1. Chemical depth profiling of PTFE-PMMA core/shell nanoparticles using XPS and TOF-SIMS 
analysis coupled with argon cluster sputtering. Scale bar = 100 nm. 
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Monitoring light scattering signatures as means to tune parameters of evolving materials 
in time-dependent processes 

Alina M. Alb, linocika12@live.com. Kemira Chemicals, Atlanta, Georgia, United States  

Achieving a sustainable future development through strategies less harmful to environment is a 
major focus of recent research initiatives. At the same time, the development of sustainable, 
advanced materials requires a continuous effort to extend the limits of the analytical techniques 
and their ability to accommodate targeted range of applications. Comprehensive characterization 
of materials is a crucial step, especially challenging in the case of polymers derived from natural 
products, where variations due to different sources and extraction conditions, as well as inherent 
instability and tendency to self-aggregate may affect performance. In this context, the use of light 
scattering detection as means to follow time-dependent processes such as aggregation, phase 
separation, degradation, dissolution, and polymerization reactions allows fundamental 
relationships between intra- and interparticle characteristics of the evolving material to be 
captured and quantified in real time. The ability to monitor the time dependence of the light 
scattered by molecules is useful in understanding kinetics of controlled polymer synthesis, 
stability studies of pharmaceutical, food and other complex systems, assessment of 
degradation/association kinetics by providing means to tune the monitored process parameters to 
achieve desired material properties. 
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On-demand photothermal synthesis of thermally-generated polymers 

Benjamin J. Lear, benlear@gmail.com, Nate Ginder, Sarah Phillips. Chemistry, The 
Pennsylvania State University, University Park, Pennsylvania, United States  

The generation of polymeric materials via thermal pathways is a powerful and general means of 
producing polymers. However, it does suffer from siginificant drawbacks, including limits on the 
speed of reaction (limited by boiling point of the reaction medium), generation of byproducts at 
higher temperatures, and slow starting/stoping rates (owing to the timescale of heating and 
cooling). These drawbacks place fundamental limits on the rate at which thermally generated 
polymers can be made---in turn, preventing their adoption for advanced manufacuturing 
approaches like additive manufactruing.  

Photothermal heating by nanoparticles allow for circumvention of all of these drawbacks. We 
show that thermally generated polymers can be made at temperatures approaching 1000 ○C, 
while retaining good control over the products. In addition, heating and cooling rates for this 
approach are on the order of millions of degrees per second, meaning that the reactions can be 
started and stoped with temporal resolution typically enjoyed by optically induced 
polymerizations. In this talk, I will present recent results form my group demonstrating the power 
and generality of this approach to polymer synthesis. 
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Infectivity evaluation of some polymeric materials by using plaque assay off feline 
caliciviruses 

Hideyuki Kanematsu1, kanemats@mse.suzuka-ct.ac.jp, Akiko Ogawa2, Toma Tamura3, Eri 
Nakajima4, Takeshi Kogo3, Risa Kawai3, Nobumitsu Hirai2, Michiko Yoshitake5, Yasuo Imoto4, 
Dana M. Barry6. (1) Research Collaboration Center bertween academia and industries, National 
Institute of Technology Kosen, Suzuka College, Suzuka, Mie, Japan (2) Chemistry and 
Biochemistry, National Institute of Technology KOSEN, Suzuka College, Suzuka, Mie, Japan (3) 
Dept. Materials Science and Engineering, National Institute of Technology KOSEN, Suzuka 
College, Suzuka, Mie, Japan (4) Microbology Laboratory, Japan Textile Products Quality and 
Technology Center, Kobe, Hyogo, Japan (5) Research Center for Functional Materials, National 
Institute of Materials Science, Tsukuba, Japan (6) Electrical and Computer Engineering, Clarkson 
University, Potsdam, New York, United States  

Since the start of the Pandemic caused by SARS-CoV-2, people have been very aware of 
infections. Infections are brought about by organisms and materials (products). However, we are 
not certain about the ways infections spread through materials. 

Even though the precise mechanism has not been clarified, we have known that 
viruses can remain active on materials for a certain amount of time. This period of activity 
depends on the properties of each specific material involved. Therefore, for our experiment, we 
investigated the amount of time a virus remains active on some polymeric materials. Concretely 
speaking, we selected Feline Calicivirus as a model virion and three kinds of polymeric materials 
(commercial polyethylene, silicone, and polystyrene). 

The plaque assay method was used for our evaluation. Results for this activity depend on the 
properties of the materials used. Also, the mechanism for this project is discussed from the 
viewpoint of the interaction between viruses and polymeric materials. 
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Microstructure characterization of functionalized ethylene/propylene polyolefins 

Anthony P. Gies1, apgies@dow.com, Zhe Zhou1, Lixin Sun2, Endre Szuromi2, Tianzi Huang2, 
Arkady Krasovskiy2, Sukrit Mukhopadhyay3, Eldad Herceg1, Ilia Kobylianskii1, Zhi Shi1, Jeremy 
Reyes1. (1) Core R&D, The Dow Chemical Company, Lake Jackson, Texas, United States (2) 
Performance and Specialty Plastics R&D, The Dow Chemical Company, Lake Jackson, Texas, 
United States (3) Core R&D, The Dow Chemical Company, Midland, Michigan, United States  

A combination of matrix-assisted laser desorption/ionization mass spectrometry (MALDI-MS), 
collision-induced dissociation (CID), nuclear magnetic resonance (NMR), and size exclusion 
chromatography will be used to examine the end-group and architectural distributions within a 
model but-3-en-1-yl(phenyl)phosphine (BPP) functionalized poly(ethylene-co-propylene) (EP, 
ethylene/propylene polyolefin), which had been synthesized using a dual-headed chain shuttling 
agent (DHCSA). Initial NMR and MALDI-MS results indicated that only a small portion of the Mn = 
10 kDa EP polymer was functionalized with the desired BPP terminal group. This prompted a 
more detailed investigation, which will be the focus of this presentation. This detailed study will 
highlight a number of interesting findings on the chemical connectivity of BPP-functionalized 
poly(ethylene-co-propylene) materials: (i) CID fragmentation studies identified “fingerprint” 
product ions and low KE degradation pathways, which were used to build general fragmentation 
models; (ii) we will demonstrate the use of these degradation models to assist with the 
microstructure characterization of the EP polymer chemical connectivity, end-groups, and 
incorporation of the 6,5-fused bicyclic segment of the DHCSA – as well as its most probable 
location within the polymer chains; and (iii) lastly, these collective results will be used to explain 
the observed EP polymer distributions. 
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Separation and characterization of polyolefin-b-syndiotactic polystyrene block copolymers 
by high temperature high-performance liquid chromatography and NMR 

Yongfu Li1, ylli@dow.com, Eric Pearce1, Sam Qiu1, Evelyn Auyeung2, Rhett Baillie2, Rachel 
Brooner3, David M. Meunier1, Yanshan Gao4, Tobin J. Marks4. (1) Analytical Science, The Dow 
Chemical Company, Midland, Michigan, United States (2) The Dow Chemical Company, Lake 
Jackson, Texas, United States (3) Chemical Science, The Dow Chemical Company, Midland, 
Michigan, United States (4) Northwestern University, Evanston, Illinois, United States  

Polyolefin-b-syndiotactic polystyrene (PO-b-sPS) block copolymers (BCP) are anticipated to 
provide improved high temperature performance in certain applications due to their composition, 
elastic nature, and elevated melting temperatures. Analytical characterization of PO-b-sPS is very 
challenging but critical to ensure the synthesized materials are the targeted block copolymers. 
Analytical capabilities, including high temperature high-performance liquid chromatography 
(HTLC) and NMR, were developed to characterize PO-b-sPS BCPs. This talk will present the 
details of HTLC method development for separation and characterization of PO-b-sPS from 
building blocks. An example shown in Figure 1 indicates the developed HTLC conditions can 
separate PS related building blocks according to their tacticity, composition, and molecular 
weight. The developed HTLC method in conjunction with NMR and other analytical techniques 
were applied for characterization of PO-b-sPS and were demonstrated to be an effective 
characterization tool to ascertain the presence of targeted block copolymers. 

 
Figure 1. Separation of sPS, aPS and sPS/C2 by HTLC. 
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Solvent effects on a mechanochemical reaction 

Yangju Lin1, yl2020@stanford.edu, Stephen Craig2. (1) Chemical Engineering, Stanford 
University, Stanford, California, United States (2) Chemistry, Duke University, Durham, North 
Carolina, United States  

Mechanochemically induced ring opening of spiropyran into merocyanine in various solvent 
mediates was systematically evaluated using single-molecule force spectroscopy. The force 
necessary to trigger ring opening of spiropyran in a rate (~10 s-1) that accommodates the 
extension of a single polymer chain (300 nm/s) highly depends on the solvent mediate, with a 
high force in nonpolar solvent and a low force in polar solvent (415 pN in toluene vs 235 pN in 
methanol). It was found that there is a linear correlation (slope = -380 pN) between the triggering 
force and the relative polarity of solvent mediate. This dependence was attributed to a heterolytic, 
polar transition state in the mechanically induced ring opening process. Further analysis using 
Bell-Even or Cusp model revealed that the ring opening undergoes dual transition states, and the 
observed mechanical coupling is an overall distance change along the force vector across all 
transition states. The results highlight the environment effects of polymer matrices on the 
mechanochemical reactivities of spiropyran when used as force probes. 

 
  



228 
 

General Topics: New Synthesis & Characterization of Polymers 

Aqueous electrochemical synthesis of polymers using ATRP on the nano/macro scale 

Mahir Mohammed, mahirmohammed563@gmail.com. Chemistry, University of Warwick 
University House, Coventry, West Midlands, United Kingdom  

Research involves using electrons to synthesise polymers. We use ATRP, with targeted 
molecular weight and living chain ends. eATRP (electrochemical ATRP) with electrons to drive 
the synthesis is used. Electrons are 'clean' reducing agents that are less likely to lead to side-
products, using appropriate potentials, and can be used to recycle catalyst. This reaction can be 
done on macroscale. 

Our aim is to perform the reaction on a nanoscale, ultra-confined area on a surface (see FIG 1). 
We have synthesised surface-bound polymers using an ATRP mixture and wish to investigate 
further. 

Surface polymers can be made using SECCM. A nanoscale droplet is delivered to the surface 
containing the mixture. Electricity is used to start the reaction. Initiators bonded to surface provide 
C-Br functional groups, leading to surface polymers. (see FIG 2). 

On the macro scale, electricity was used to generate well-controlled polymers. Curious to see if 
similar conditions can be applied to the nanoscale. For example, can living surface-bound 
polymers be re-activated for further reactions? Can monomer to initiator ratio be used to target 
molecular weights? Can length of the polymer chain determined by SEM, be related to the 
molecular weight targeted? 

In summary, we wish to electrochemistry to carry out macroscale and nanoscale polymerizations. 
Controlled polymers on the macroscale has have already been possible. Electrosynthesis using a 
simple two-electrode system and a three-electrode system on the macroscale in water has been 
possible. Thank you. 

 
FIG 1 - showing the relative size of the nanoscale polymerization compared to macroscale polymerization. 
If the size of the nanoscale reaction were that of a tennis ball, the relative size of the normal macroscale 
reaction would be the size of Planet Earth. 
 
FIG 2- schematic of SECCM and how it can be used to perform polymerizations on the nanoscale in a very 
small nano-sized droplet cell.  
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Adsorption of epoxy-functional block copolymer nanoparticles onto stainless steel 

Csilla Gyorgy, cgyorgy1@sheffield.ac.uk, Steven P. Armes. Chemistry, The University of 
Sheffield, Sheffield, South Yorkshire, United Kingdom  

A series of spherical epoxy-functional methacrylic diblock copolymer particles have been 
prepared via polymerization-induced self-assembly (PISA) in mineral oil at 90 oC. The epoxy 
groups can be introduced into either the steric stabilizer block or the core-forming block using 
glycidyl methacrylate as a comonomer. Adsorption of such epoxy-functional particles onto a 
planar stainless steel substrate is assessed using a quartz crystal microbalance (QCM) 
instrument. Interestingly, enhanced adsorption can be achieved relative to that observed for 
reference particles that contain no epoxy groups. Moreover, the spatial location of the epoxy 
groups is an important parameter for optimising the adsorbed amount. We present experimental 
evidence to suggest that particle adsorption involves chemical adsorption, rather than merely 
physical adsorption. 
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Effect of positional variation of pendant cationic amines on the mechanical and surface 
properties of polycaprolactone based segmented polyurethanes 

Chinnapatch Tantisuwanno, ct75@uakron.edu, Abraham Joy. Polymer Science and Polymer 
Engineering, University of Akron, Akron, Ohio, United States  

Segmented polyurethanes (PU) have been used in numerous applications, especially in 
biomedical engineering and medical devices due to the versatility to modify polyurethane 
mechanical properties. Although the study of polyurethane structure-property relationships has 
been an ongoing research theme for decades, the incorporation of functional groups in 
polyurethane composition to modulate surface properties is a relatively recent sub-topic of this 
field and less knowledge is available of how positional variation of functional groups affects 
polyurethane properties. Therefore, to improve our fundamental understanding of how bulk 
functionalization can increase the surface presentation of functional groups, cationic amine-
containing diols were incorporated into PU either in the hard segment or in the soft segment. 
Here, we correlate the effect of placing the functional group in different locations to explain 
polymer microscopic (thermal transition, crystallinity, microphase mixing) and macroscopic 
behaviors (tensile, resiliency, storage and loss modulus, and contact angle). 
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Next generation poly(ladder) ROMPs: Altering grafting density and sidechain degree of 
polymerization for improved stability 

Kayla Storme1, kstorme@mit.edu, Sharon Lin2, Francesco M. Benedetti2, You-Chi Wu1, Sherrie 
X. Qian3, Timothy M. Swager1, Zachary P. Smith2. (1) Chemistry, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States (2) Chemical Engineering, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (3) Materials Science and 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

In the United States, approximately 50% of the total energy consumed annually by the chemicals 
industry (16 quadrillion BTUs) is for separation processes. Distillation uses about 53% of the 
energy consumed by separation processes. Replacing distillation with membrane-based 
separations could save $4B in energy costs and 100M tonnes of greenhouse emissions annually. 

Commercial membranes made of polymers like cellulose acetate perform industrial separations, 
but show instability in aggressive environments (e.g., plasticization) and suboptimal performance 
that prevents broader adoption of membrane technologies. To address these limitations, 
microporous polymers featuring rigid, pore-generating side chains on flexible backbones were 
synthesized through a reaction based on Ring Opening Metathesis Polymerization (ROMP). 
Macro-monomers formed by Diels-Alder reactions are converted into high molecular weight 
polymer with low polydispersity by ROMP. Compared to commercial membranes, poly(ladder) 
ROMP films demonstrate a ~10-fold increase in stability against CO2-induced plasticization and, 
for CF3-ROMP, record-breaking permeability for CO2, ideal for carbon capture applications. 

However, first-generation poly(ladder) ROMPs form brittle films--hindering their commercial 
implementation. Altering macro-monomer length and grafting density provides insight into 
polymer designs that result in improvements to mechanical elasticity, unprecedented 
plasticization resistance, and remarkable gas separation performance in poly(ladder) ROMPs. 
Co-polymerization with simple norbornenes alters grafting density and results in more elastic, 
easy-to-process films. To investigate sidechain length impact on mechanical elasticity, macro-
monomers were separated via silica gel chromatography before undergoing ROMP to form 
poly(ladder) ROMPs with monodisperse sidechains. Increasing sidechain length decreases film 
fragility, improves gas separation performance, and boosts plasticization resistance. 
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Condensed drop polymerization: A versatile and rapid approach to synthesize polymer 
nanoparticles 

Rong Yang, ryang@cornell.edu. Chemical and Biomolecular Engineering, Cornell University, 
Ithaca, New York, United States  

Non-spherical polymer nanoparticles (PNPs) represent an emerging class of materials, but labor-
intensive and costly solution-based synthetic protocols limit the fundamental and applied research 
on their properties and functions. Common techniques like emulsion polymerization primarily 
produce spherical particles and are only applicable to a small selection of monomers, restricting 
the functionality accessible to PNPs. Here we report the rapid, solvent- and template-free 
synthesis of non-spherical PNPs via the fresh idea of coupled condensation and polymerization, 
realized using a novel technique, namely condensed droplet polymerization (CDP). Using 
polymer nanodomes as a proof-of-principle, we demonstrate continuous variation of particle 
dimensions (from sub-20 nm to above 1 µm) and the complete syntheses of nanodomes 
comprised of a variety of functional polymers within seconds to minutes. The vapor-based CDP 
approach renders the technique scalable for the manufacturing of soft non-spherical 
nanoparticles, promising to advance applications ranging from shape-programmed soft robotics 
to tough yet injectable implants. 
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Sequence-definition for material and biomedical application of future polymers 

Anna Jose1, 201814001@smail.iitpkd.ac.in, Mintu Porel1,2. (1) Chemistry, Indian Institute of 
Technology Palakkad, Palakkad, Kerala, India (2) The Environmental Sciences and Sustainable 
Center, Indian Institute of Technology Palakkad, Palakkad, Kerala, India  

Structural tunability and functional diversity attained in sequence-defined polymers (SDPs) via the 
sequential addition of precise monomers at predetermined positions leads to its varied 
applications. Synthetic SDPs possess a wider scope of unlimited functional groups at the side 
chain and in the backbone, thereby pushing the limitations of conventional polymers. This 
motivated us to design a support-free, protection−deprotection-free, cost-effective and fast 
iterative strategy for multigram production of a new class of SDP via the custom synthesis of 
monomers. This incorporates a unique functional group namely, dithiocarbamate (DTC), a 
potential group for both material and biomedical applications. Post-synthetic modification of this 
platform by attaching a suitable fluorophore resulted in the selective detection of mercuric ions 
(Hg2+) even in competitive environments. A very low sensitivity up to 0.3 picomolar and removal 
efficiency of >95% was also obtained exclusively for Hg2+. SDP assisted silver nanoparticle 
formation is also being conducted to identify its effect in controlling the shape and size of the 
nanoparticle. 

Backbone and side chain-linker tunability among DTC, ester and amide in sequence-defined 
oligomers (SDOs) were studied to identify the structure-property-function relationship. Keeping 
DTC moiety fixed, three SDOs was synthesised namely: (i) SDO1 with DTC alone in the 
backbone; (ii) SDO2 with DTC and ester in the backbone (iii) SDO3 with DTC and ester in the 
backbone and amide in the side-chain. The property comparison of these based on their mercury 
removal capacity, protein interaction and stability under acidic and hydrolytic environments. In 
biomedical field, a library of synthetic SDPs was designed to mimic antibacterial peptides and 
their interaction with bacterial lipid bilayer membranes are being studied. Taken together, this is a 
proof-of-concept for the synthesis of SDPs with tunable backbone and side-chain to modulate 
their properties and to employ the best suited one from this library for any given application. 

 
Design and synthesis of dithiocarbamate based sequence-defined polymer and its diverse applications in 
material and biomedical fields. 
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Polymer brushes formed onto surfaces from linear triblock terpolymer precursors 

Konstantinos Artopoiadis1, Christina Miskaki1, Dimitrios Moschovas1, Nikolaos Politakos5, Maria 
Karabela1, Nikolaos E. Zafeiropoulos1, Rong-Ming M. Ho4, Dimitri Ivanov2,3, Apostolos T. 
Avgeropoulos1,3, aavger@cc.uoi.gr. (1) Materials Science Engineering, Panepistemio Ioanninon 
Polytechnike Schole, Ioannina, Epirus, Greece (2) Centre National de la Recherche Scientifique, 
Paris, Île-de-France, France (3) Moskovskij gosudarstvennyj universitet imeni M V Lomonosova, 
Moskva, Moskva, Russian Federation (4) Chemical Engineering, National Tsing Hua University, 
Hsinchu, Taiwan (5) POLYMAT, Universidad del Pais Vasco - Campus Gipuzkoa, Donostia, 
Guipúzcoa, Spain  

Linear triblock terpolymers of the A-b-B-b-C type have not been studied as thin films for 
nanotechnology applications where A, B and C are three blocks of different chemical 
composition. Such terpolymers where two of the three blocks were PDMS and PS of the A-b-PS-
b-PDMS and PS-b-A-b-PDMS types respectively, and A being a polydiene, specifically 
polybutadiene (either 100% 1,2-microstructure or high 1,4-microstructure, PB1,2 or PB1,4 
respectively) were synthesized via sequential monomer addition under high vacuum techniques 
and anionic polymerization. Since the requirements in today's nanotechnology applications are 
urging for low dimensions (sub-10nm), the total number average molecular weight varied from 
10,000 g/mol up to 15,000 g/mol. The key perspective was the evaluation of the obtained 
morphology and self-assembly of these systems, after being chemically modified via suitable 
modification routes. 

The addition of the PB block (PB1,2 or PB1,4) is to avoid the use of PS-OH or PDMS-OH 
homopolymers as polymer brushes. The whole concept relies on the hydrolysis reaction of the 
polybutadiene segment. The A block in the proposed terpolymers (ABC and BAC systems is 
occupied by the PB block (PB1,2 or PB1,4). In particular, the modified PB block exhibits low 
number average molecular weight (from 1,000 g/mol up to 2,000 g/mol). 

The molecular characterization of the synthesized samples was accomplished via size exclusion 
chromatography, vapor pressure osmometry and proton nuclear magnetic resonance 
spectroscopy. In addition, differential scanning calorimetry experiments were carried out to verify 
the existence of the characteristic thermal transitions for each segment. The morphological 
characterization of all samples was achieved via transmission electron microscopy and small 
angle X-ray scattering. 
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Effect of chemical identity and morphology in amphiphilic-zwitterionic copolymer 
membranes 

ria ghosh, riaghosh@mail.pse.umass.edu, E B. Coughlin. polymer science and engineering, 
University of Massachusetts Amherst, Amherst, Massachusetts, United States  

Amphiphilic block copolymers have gained a broad research interest attributed to their self-
assembly properties over a range of different environments. Polyzwitterions have attracted 
special attention due to their higher hydrophilicity, charge sensitivity and anti-fouling property 
making them a popular material in the field of stimuli responsive systems, e.g., self-healing 
hydrogels, water transport membranes, etc. The synthesis of an array of amphiphilic block 
copolymers where the hydrophilic part is a polyzwitterion along with a low Tg hydrophobic block 
have been performed. At first, a series of neutral amphiphilic block copolymers with different 
volume fractions of poly (dimethylamino ethyl methyl methacrylate) (PDMAEMA) as one block 
and a poly (n-Butyl acrylate- ran- allyl methacrylate) as the other block has been synthesized 
using RAFT polymerization. From the parent copolymeric scaffolds a series of Amphiphilic-
Zwitterionic block copolymers has been fabricated using post-polymerization modification on the 
PDMAEMA block using nucleophilic ring-opening of 1,3-propane sultone. Robust membranes 
were then prepared using photo crosslinking with a dithiol crosslinker using thiol-ene click 
chemistry. Results from studies on how systematic variation of the volume fraction of the 
zwitterionic block have on self-assembled nanostructures will be discussed. Overall, combining 
the stimuli responsiveness and higher hydrophilicity of zwitterionic polymers with self-assembly 
behavior of amphiphilic block copolymers opens a broad opportunity towards antifouling water 
filtration membranes. 
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Investigation of photoredox-mediated ROMP copolymers 

Anthony Sumlin, asumlin@wisc.edu, AJ Boydston. Chemistry, University of Wisconsin-Madison, 
Madison, Wisconsin, United States  

Synthesis of linear poly-dicyclopentadiene is challenging, but photoredox-mediated metal-free 
ring opening metathesis polymerization (ROMP) provides a path to high conversion of monomer. 
The absence of any organometallic species in the ROMP procedure increases its applicability 
while simultaneously creating polymers with chain ends that can be activated via irradiation with 
light. Within this field we are motivated by the increased applicability of polymers containing both 
polar and nonpolar regions. Toward this end, exploration of norbornene-based monomers allows 
for the synthesis of copolymers useful in structural materials and composites. By optimizing 
reaction conditions, block sizing can be altered to produce polymers with high glass transition 
temperatures. Additionally, our studies will expand the bank of monomers capable of being 
utilized in metal-free ROMP. 
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Templating entanglements in polymer networks 

Benjamin Kruse, ben.kruse@live.com, Erin Krist, Aleksandr V. Zhukhovitskiy. Chemistry, 
University of North Carolina at Chapel Hill Graduate School, Chapel Hill, North Carolina, United 
States  

Abstract: The existence of entanglements—mechanical connections among polymer chains—
has been appreciated since 1940. A growing body of evidence suggests that entanglements 
trapped in polymer networks have been correlated with strength, toughness, and fracture energy 
enhancement. Their role in biology is no less significant—e.g., in mediating DNA transcription. 
Despite the ubiquity of polymer entanglements, the topology-property relationships of 
entanglements remain ill-defined. By merging the fields of supramolecular topology with polymer 
network chemistry and physics, we investigate the role of trapped entanglements within polymer 
networks in regards to network toughness and fracture energy. Using phenanthroline complexes 
and similar ligating species, entanglements are installed into polymer networks with the 
entanglements preserved upon removal of the metal center. Comparing the mechanical 
properties of these networks with non-templated networks illuminates the role of templated 
entanglements. 
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Exploring charge transfer and polymerizations within self-assembled bis-urea 
macrocycles 

Md Faizul Islam, Linda S. Shimizu, SHIMIZLS@mailbox.sc.edu. Chemistry and Biochemistry, 
University of South Carolina, Columbia, South Carolina, United States  

Porous organic crystals can be used to probe the effects of confinement on reactions including 
polymerizations. Geometric constraints imposed by the porous crystals and non-covalent 
interactions influence the structure of the growing polymer, potentially modulating the 
stereochemistry, tacticity, and alignment of the polymer chains. The Shimizu group utilizes urea 
hydrogen bonding to direct the assembly small building block such as triphenylamine bis-urea 
macrocycles 1 into columns affording functional porous organic crystals. These assembled 
columns contain the solvent of crystallization bound within the channels. Heating the crystals 
leads to removal of the solvent and activates the host for guest exchange by single-crystal-to-
single-crystal transformations. Two different electron accepting molecules were successfully 
encapsulated inside the activated host 1. While 1-2,5-dichlorobenzoquinone exhibits a charge 
transfer (CT) transition upon complex formation, the 1-2,1,3-benzothiadiazole complex undergoes 
a photoinduced electron transfer upon irradiation with 365 nm LEDs. These porous crystals were 
also used to absorb monomers, including pyrrole (Py) and ethylenedioxythiophene (EDOT), 
which could be subsequently polymerized inside the host by heating in I2 atmosphere. 13C NMR, 
FT-IR, Raman and photophysical characterization shows presence of the polymers inside the 
channel. After dissolution of the host, SEM images of the insoluble polymers demonstrates that 
the polymers retain the size and morphology of host 1. The properties of these encapsulated 
polymers and their properties before and after removal from the porous crystals will be presented. 
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Side-chain-functionalized helical poly(isocyanide)s 

Chengyuan Wang, cw2952@nyu.edu, Marcus Weck. Chemistry, New York University, New 
York, New York, United States  

Poly(isocyanide)s are a class of polymeric materials that have well-defined helical conformations 
and a C-C backbone that contains side-chains on each backbone carbon. Central to expanding 
the applications of these helical materials is the controlled side-chain functionalization. The ability 
to modify the polymer, however, is limited. Noncovalent strategies would allow to incorporate a 
dynamic nature into side-chain functionalization. We will present the synthesis of helical 
poly(isocyanide)s with functional side-chains that serve as sites for noncovalent chemistry. We 
adopt a modular design that allows for easy preparation of chiral isocyanide monomers with 
supramolecular interacting units such as diaminopyridine and pyridine that allow for targeted 
hydrogen bonding or metal coordination. Using a Pd initiator for polymerization, helical 
poly(isocyanide)s with functional side-chains are easily accessible. These side-chain-
functionalized poly(isocyanide)s show great potential as building blocks for the noncovalent 
assembly of 3D polymeric architectures. 
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Varying free ring density via clicking pseudo[2]rotaxanes together 

Laura F. Hart, laurahart@uchicago.edu, Stuart J. Rowan. Pritzker School of Molecular 
Engineering, The University of Chicago, Chicago, Illinois, United States  

Polyrotaxanes have a variety of attractive material properties but continue to be synthetically 
challenging. Inherent interactions between macrocycle and polymer backbone alter the system 
dynamics and affect the material properties of polyrotaxanes and slide-ring materials. This work 
highlights a catalyst-free nitrile-oxide/alkyne click assembly of poly[2]rotaxanes from a simple 
mixture of bis-alkyne pseudo[2]rotaxane, bis-alkyne poly(ethylene glycol) based macromonomer, 
a ditopic nitrile-oxide monomer, and a nitrile-oxide containing stopper group to prevent 
dethreading. A monovalent macrocycle comprised of a 2,6-bis(N-alkyl-benzimidazolyl)pyridine 
(BIP) ligand was threaded with a second BIP, or a 2,2’-bipyridine moiety to access the resulting 
pseudo[2]rotaxane complex. Maintaining a constant molecular weight but varying the ratio of 
pseudo[2]rotaxane to linear PEG macromonomers results in polyrotaxanes with a range of ring 
densities. Our latest results on these systems will be discussed. 
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Upper critical solution temperature star polymers: Temperature response and trapping of 
small molecules 

Aliaksei Aliakseyeu, aliaksei.aliakseyeu@tamu.edu, Svetlana A. Sukhishvili. Materials Science 
and Engineering, Texas A&M University System, College Station, Texas, United States  

We report the synthesis of upper critical solution temperature (UCST) poly(2-ureidoethyl 
methacrylate) (PUEM) linear and star polymers with degrees of branching 4 to 8 using ARGET 
ATRP. An increase in polymer branching for polymers with matched molecular weight had a 
negligible effect on the transition temperature in aqueous polymer solutions. At the same time, 
the addition of dimethyl sulfoxide – a solvent that competed with polymer intramolecular hydrogen 
bonding – resulted in suppression of the transitions temperature for polymers of all architectures. 
In contrast, polymer branching had a dramatic effect on temperature-triggered trapping of small 
molecules – proflavine and pyrene, with star PUEMs demonstrating up to ~4.5-fold more efficient 
capture at temperatures below UCST. The higher trapping efficiency is likely due to a higher 
density of polymer units within star polymers as compared to their linear counterparts. An 
increase in compactness of polymer coils with branching ratio also correlated with the red shift in 
pyrene fluorescence resulting from the inclusion of the dye within hydrophobic domains of 
PUEMs. Importantly, the trapped molecules could be fully released from the star polymers upon 
temperature increase, demonstrating a potential for controlled delivery applications. 
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Tandem MS of bis-MPA dendrimer, hyperbranched polymers, and linear polymers 

Scott M. Grayson1, sgrayson@tulane.edu, McKenna Redding1, Robert English2. (1) Chemistry, 
Tulane University, New Orleans, Louisiana, United States (2) Shimadzu Corporation, Missouri 
City, Texas, United States  

Although much of the characterization of a dendrimer is similar to the hyperbranched polymer and 
the linear polymer (especially NMR, FTIR, etc.), one thing that appears to be very different is the 
tandem MS. However, the MS/MS of dendrimers has not been done with both the linear polymer 
and the hyperbranched polymer. The Grayson group has completed the MS/MS data for all three 
levels of branching for the architectures of bis-MPA. 

The most significant result is that most compounds have one peak that corresponds to an [M-X]+; 
however, these dendrimers have multiple peaks where the basic fragmentations are the same. 
However, when looking at the linear, there is only one (or fewer) peaks that result in the same 
distribution, and in the hyperbranched, there are only a few peaks (rather than many). For 
example, one of the largest peaks of the generation two dendrimer is the loss of the benzoyl 
group and then the successive loss of a methyl benzoyl group. This leaves a methacrylate, and 
one should seven of the same peaks from each of the other sidechains (dendrimers have many 
of the same repeating units). However, when this same value appears as the hyperbranched, one 
can see a small percentage of this, and it is a smaller one of these peaks. However, one cannot 
see any of this peak, corresponding to the methacrylate, within the linear polymer. 
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Synthesis and characterization of sulfonimide based anionic ionenes 

Keith Watson, kawatson3@crimson.ua.edu, Paul Rupar. Chemistry and Biochemistry, The 
University of Alabama, Tuscaloosa, Alabama, United States  

A novel sulfonimide based comonomer was synthesized for polycondensation with various 
dinucleophilic comonomers. The acidic properties of the sulfonimide group allows for 
deprotonation and subsequent formation of a nitrogen anion. Deprotonation and subsequent 
cation exchange leads to drastic changes in the polymer’s properties with a variety of cations. 
The reversible nature of this cation exchange process allows a single polymer to be tuned 
towards various applications (e.g., ion exchange fuel cells, electrodialysis, and membrane 
electrolysis) without resorting to complex chemical transformations. 

 

 
  



244 
 

General Topics: New Synthesis & Characterization of Polymers 

Durable photografted zwitterionic hydrogel coatings decrease biofouling and friction on 
biomaterials 

Adreann Peel2, adreann-peel@uiowa.edu, Douglas Bennion1, Ryan Horne2, Megan Jensen1, 
Marlan Hansen1,3, Allan Guymon2. (1) Department of Otolaryngology—Head & Neck Surgery, 
The University of Iowa Roy J and Lucille A Carver College of Medicine, Iowa City, Iowa, United 
States (2) Department of Chemical and Biochemical Engineering, The University of Iowa College 
of Engineering, Iowa City, Iowa, United States (3) Department of Neurosurgery, The University of 
Iowa Roy J and Lucille A Carver College of Medicine, Iowa City, Iowa, United States  

Zwitterionic hydrogel coatings have shown promise in inhibiting the foreign body response and 
scarring surrounding medical implants. By employing simultaneous photografting and 
photopolymerization, a durable crosslinked coating can be covalently attached to the polymeric 
surface. Durable coatings have been formed with both sulfobetaine methacrylate (SBMA) and 
carboxybetaine methacrylate (CBMA) zwitterionic monomers, using polyethylene glycol 
dimethacrylate (PEGDMA) as non-zwitterionic crosslinker. The ratio between crosslinker and 
zwitterionic monomer can be tuned to balance mechanical durability from crosslinker and 
antifouling capabilities from zwitterions. With a small (5-10%) amount of crosslinker, films are 
sufficiently stable and show excellent reduction in fouling such as 90% decrease in cell and 
protein attachment. Additionally, zwitterionic coatings impart lubricity which can lead to a 
reduction of up to 95% in the coefficient of friction relative to uncoated polydimethylsiloxane 
(PDMS). With incorporation of adequate amounts of crosslinker, zwitterionic monomer, and 
photoinitiator, the hydrated coating remains attached and viable under significant normal (up to 
15 N) and bending (2-32mm diameter rods) forces. Failure due to normal or bending force only 
begins to occur after drying 80 or 60 minutes, respectively, in ambient conditions for less 
crosslinked films. Ideal zwitterionic coatings will be durable enough to withstand handling, 
sufficiently photografted to prevent delamination, increase lubricity for less invasive insertion, and 
decrease biofouling to limit scar formation. Anti-fibrotic and lubricious coatings on biomedical 
interfaces, such as cochlear implants, will increase device sensitivity and effectiveness while 
decreasing surgical complications and adverse reactions. 
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Investigation of the protein corona of polymeric nanoparticles synthesised via RAFT 
emulsion 

Hannah Burnage1, h.burnage@warwick.ac.uk, Jeaniffer Yap1, Robert Richardson2, Robert 
Dallmann3, Sebastien Perrier1. (1) Chemistry, University of Warwick, Coventry, West Midlands, 
United Kingdom (2) Chemistry, University of Liverpool, Liverpool, Merseyside, United Kingdom 
(3) WMS - Biomedical Sciences, University of Warwick, Coventry, West Midlands, United 
Kingdom  

Polymeric nanoparticles are being increasingly used as drug delivery systems to treat diseases 
such as cancer. Current anti-cancer drugs suffer from many issues, including side effects such as 
hair and muscle loss, damage to the stomach lining etc. In addition, since the drugs are not 
specific to cancer cells, they sometimes require the use of higher doses to ensure their activity, 
thus increasing side effects. Drug delivery vehicles enable drugs to be delivered specifically to the 
tumour, thus limiting these side effects. We are currently developing a new family of nanoparticles 
that can be used as drug delivery vectors. An important parameter in our design is the 
engineering of a surface which targets specific cells, thus reducing the dose required and 
therefore limiting the side effects. However, independently of the surface functionality, it has been 
shown that proteins in the blood interact with the particles, and alter the surface functionality of 
the particles, forming a protein corona. 

The protein corona is a phenomena observed when nanoparticles enter the bloodstream. 
Proteins that are present in the bloodstream bind to the surface of the nanoparticle in two layers; 
the ‘hard corona’, containing strongly bound proteins, and the ‘soft corona’, containing more 
loosely bound proteins that undergo frequent exchange. This protein corona then becomes the 
surface visible to the cells which uptake these particles and therefore the formation of the corona, 
and how this varies between nanoparticles, is an important factor in the cell penetration 
properties of particles. Here we show the synthesis of polymeric nanoparticles functionalised with 
PEG, polyoxazolines, or mannose and we demonstrate how this functionalisation affects the 
protein corona formation. 
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Step-growth polymerization of new bulky monomers for high Tg polyesters and 
microfibers 

Kaitlyn Crawford, kcrawford@ucf.edu. Materials Science and Engineering, University of Central 
Florida, Orlando, Florida, United States  

Plastics enable our modern standard of life from safety and shelter to advanced technologies in 
electronics and aerospace applications. Thus, we must accelerate fundamental research to 
innovate advanced polymer materials with new properties. Our modern lifestyle is coming at a 
severe cost, however, with serious and legitimate economic, energy, and environmental concerns 
in using plastic. The very materials that contribute to advanced technologies and our modern 
standard of living are also slowly smothering our planet and the life on it. Looking to the future, we 
need to continue developing innovative materials with new properties, but we must do so using 
renewable materials from sustainable sources that either degrade into useable starting materials 
or that can be reformed to create a product of equal or greater value. To enable new technologies 
and adequately support our growing human population we need drop-in materials that are 
sustainable and amicable to a closed-loop, circular economy. Herein, this talk focuses on the 
development and characterization of new diol and diacid monomers to form biodegradable 
polyesters using step-growth polymerization. We include a discussion about synthesis 
optimization to achieve high yielding monomers and polymers with glass transition temperatures 
≥80 °C. We demonstrate polymer processing into thin films and microfibers using a custom-built 
centrifugal force spinner. We also include an evaluation of the polymer’s corresponding structure-
property relationship with respect to mechanical, optical, diffusive, and deteriorative properties. 
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Hierarchically structured mechanochromic deformation-sensing pigments 

Jess Clough, jessica.clough@unifr.ch, Bodo Wilts, Cedric Kilchoer, Hugo Brummer, Christoph 
Weder. Universite de Fribourg, Fribourg, Fribourg, Switzerland  

Polymers are ubiquitous in the modern world, offering property sets and functions as diverse as 
deformable elastomers in car tires, soft hydrogels for tissue mimics, and strong, tough ballistic 
glass. Understanding their ability to withstand deformation has driven the development of optically 
mechano-sensing polymers that permit direct visualization of the process. 

We report that it is possible to combine different mechanochromic transduction principles and the 
respective sensing capabilities that they offer in easily deployable “mechano-pigments”. In a first 
embodiment of this concept, we designed and synthesized spherical microparticles that contain 
non-close-packed silica nanoparticles in an elastic matrix cross-linked with a spiropyran 
mechanophore. The silica arrangement produces a reflection band that shifts upon deformation, 
whereas the spiropyran transforms under force to fluorescent merocyanine. The mechano-
pigments are readily incorporated in a matrix of interest, and offer desirable features that cannot 
be accessed by either mechanism alone, including continuous deformation sensing over three 
decades of strain, and inherent mechanical and optical tuneability. This was demonstrated by 
monitoring the deformation of poly(dimethyl siloxane) and polyurethanes in compression and 
tension, and local strain field variations caused by necking in semicrystalline polyethylene. 
Furthermore, this platform is readily extended to non-covalent mechanophores. 

 
(a) The mechano-pigments contain silica nanoparticles, which form photonic structures, and an elastic 
matrix polymer cross-linked with spiropyran mechanophores. (b-e) Micrographs of a pigment whose 
reflection changes from green at 0% strain (b) to blue (c) upon compression to 73% strain; even at 35% 
strain, the spiropyran remains non-fluorescent (d), transforming to fluorescent merocyanine at greater 
strains (e). Scale bars = 50 µm. (f) Comparison of the mechanochromic responses of individual pigments 
and in an LLDPE matrix.  
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Modulating protein-like polymer backbones to recapitulate protein function 

Madeline P. Hopps1, madeline.hopps@u.northwestern.edu, Kendal Carrow2, Nathan C. 
Gianneschi1. (1) Chemistry, Northwestern University, Evanston, Illinois, United States (2) 
Biomedical Engineering, Northwestern University, Evanston, Illinois, United States  

Protein-protein interactions (PPIs) are key interfacial interactions governing many cell signaling 
pathways. Specifically targeting PPIs is critical as perturbing one upstream interaction can 
mitigate its downstream effects. However, these complex interactions are difficult to engage as 
they typically involve many points of contact between interacting proteins, resulting in unique 
binding motifs for a target. To engage PPIs at the right length scale, in a multivalent fashion, the 
Gianneschi Lab has developed proteomimetic polymers or protein-like polymers (PLPs) using 
polymerizable amino acid analogues, incorporated during solid phase peptide synthesis. The 
tunability of this system allows multiple peptide motifs to be incorporated into a single polymeric 
structure, which retains bioactivity and resists proteolysis. Thus, PLPs can engage multiple 
protein binding sites. Peptidyl-olefinic and peptidyl-methacrylic monomers have been synthesized 
and polymerized via ring opening metathesis polymerization (ROMP) and reversible addition-
fragmentation chain-transfer (RAFT), to yield high density, peptide brush polymers in a graft-
through approach. The impact of key structural elements, such as polymer backbone architecture 
and peptide side-chain packing density, on multidomain protein engagement will be presented to 
develop design rules for these PLPs capable of perturbing PPIs. 
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Facile template-polymerization of controllable nano-ring 

Chung-Hao Liu, chung.liu@uconn.edu, Catherine Cheu, Mu-Ping Nieh. University of 
Connecticut, Storrs, Connecticut, United States  

We report a facile polymerization of controllable polymer nano-rings with a well-defined size via 
lipid self-assembly known as discoidal “bicelle”, which is composed of long- and short-chain 
lipids. The formation of nano-rings is most likely attributed to the interplay of hydrophobic 
interaction, mismatched miscibility of polymers in the ordered/fluidic phase, and crystallization-
enhanced separation. Initially, styrene monomers are populated with both long- and short-chain 
lipids, while the polymerization drives styrene to migrate to fluidic rims, consequently forming 
polystyrene nano-rings confirmed by small angle scattering, high-sensitive differential scanning 
calorimetry, and transmission electron microscopy. This platform can be generalized to 
synthesize other hydrophobic polymers. 

 
The mechanism of generating the polystyrene nano-rings. Most styrene monomers migrate to the more 
fluidic rim where they are polymerized. 
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Data-driven design and synthesis of new liquid crystal polyimides 

Stephen Wu1,2, stewu@ism.ac.jp, Hayato Maeda5, Yuta Nabae5, Teruaki Hayakawa5, Yoh 
Noguchi3,1, Yoshihiro Hayashi1, Ryo Yoshida1,2,4, Junko Morikawa5. (1) Tokei Suri Kenkyujo, 
Tachikawa, Tokyo, Japan (2) Sogo Kenkyu Daigakuin Daigaku, Miura-gun, Kanagawa, Japan (3) 
School of Life Sciences, Tokyo Yakka Daigaku, Hachioji, Tokyo, Japan (4) Busshitsu Zairyo 
Kenkyu Kiko, Tsukuba, Ibaraki, Japan (5) Tokyo Kogyo Daigaku, Meguro-ku, Tokyo, Japan  

Light responsive polyimides with liquid crystal (LC) alignment capability are often used in display 
devices. Meanwhile, a typical polyimide exhibits a low thermal conductivity, which is not suitable 
for applications in heat-prone flexible electronics. Recent research has reported successful 
fabrication of high intrinsic thermal conductivity LC polyimide films that the in-plane thermal 
conductivity exceeds 2 W/(mK). In this study, we exploited the rapidly increasing amount of 
polymer data driven by the new interdisciplinary research field, called polymer informatics, to 
accelerate the discovery of LC polyimide with desired thermal properties. We began with a newly 
designed template for building the backbone of polyimides. Purchasable molecules from the ZINC 
database that match the components in our template were exhaustively searched and extracted 
to construct a large virtual library of polyimides. Then, a machine learning model for LC 
classification was trained with data from PoLyInfo, a polymer property database, and used to 
screen out promising candidates of LC polyimide. Thermal conductivity of the screened 
candidates was predicted by another machine learning model trained with data from molecular 
dynamics simulations. Finally, guided by the predicted thermal properties of the candidates, we 
successfully synthesized new LC polyimides, which demonstrated the effectiveness of our design 
approach. 

 

 
Workflow of the data-driven polymer design framework.  
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Self-condensing ring-opening metathesis polymerization: A novel approach to 
hyperbranched polymers 

Hanan Almuzaini, hanana@vt.edu, Grace Dinges, Carla Slebodnick, Michael D. Schulz. 
Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States  

Hyperbranched polymers (HPs) have chemical and physical properties distinctly different from 
their linear counterparts such as abundant end-groups, low viscosity, and high solubility. 
However, synthesizing HPs via ring opening metathesis polymerization (ROMP) currently 
requires multiple reactions or specialized monomers. To enable a more general approach, we 
synthesized a ROMP inimer— a molecular contains both the initiator and prorogating site (Figure 
1), to enable HPs synthesis via self-condensing ROMP in a single step. To test the capability of 
this approach, we synthesized hyperbranched cyclooctene polymers. Using Differential Scanning 
Calorimetry (DSC), we demonstrated that the physical proprieties of HPs could be modulated by 
varying the degree of branching (DB). For example,crystalline melting temperature (Tm) 
decreased as the DB increased. This approach enables direct synthesis of HPs from any ROMP 
active monomers to design unique materials. 

 
Figure 1. Synthesis of HPs via self-condensing ROMP  
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Self-assembled nanoparticles from bis-palmitoylated and quaternized chitosan: Promising 
materials for gene delivery 

Kornkanya Pratumyot, yawara.pt@gmail.com, Thev Pol. Department of Chemistry, King 
Mongkut's University of Technology Thonburi, Bangkok, Thailand  

We have developed a preparative procedure for obtaining a bis-palmitoylated and quaternized 
chitosan (bisPalm-CS-HTAP) bearing N-(2-((2,3-bis(palmitoyloxy) propyl) amino)-2-oxoethyl) 
(bisPalm) groups as hydrophobic tails and O-[(2-hydroxyl-3-trimethylammonium)] propyl (HTAP) 
groups as positively charged hydrophilic heads. The product obtained showed the degree of bis-
palmitoyl substitution (DSbisPalm) and the degree of quaternization (DQ) at approximately 2 % and 
50 % as determined by solid-state 13C NMR and 1H NMR respectively. As characterized by SEM, 
bisPalm-CS-HTAP was found to assemble into spherical nanoparticles. The hydrodynamic 
diameter (DH) and the surface charge of the nanoparticles, as analyzed by DLS, were about 260 
nm (PdI = 0.5) and 40 mV respectively, demonstrating the arrangement of the positively charged 
HTAP groups on the outer layer of the assembly. These positively charged and nanosized 
particles possess a strong potential to be used as a carrier for gene delivery. More inportantly, the 
built-in bis-palmitoyl groups would allow for membrane attachment of the material, resulting in the 
enhancement of cellular uptake. 
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Synthesis of high molecular weight water-soluble polymers as low-viscosity nanoparticles 
by RAFT aqueous dispersion polymerization in highly salty media 

Rory J. McBride1, rmcbride1@sheffield.ac.uk, John F. Miller2, Adam Blanazs3, Hans-Joachim 
Haehnle3, Steven P. Armes1. (1) The University of Sheffield, Sheffield, Sheffield, United Kingdom 
(2) Enlighten Scientific, Hillsborough, North Carolina, United States (3) BASF SE, Ludwigshafen, 
Rheinland-Pfalz, Germany  

We report the synthesis of sterically-stabilized diblock copolymer particles at 20% w/w solids via 
RAFT aqueous dispersion polymerization of N,N-dimethylacrylamide (DMAC) in highly salty 
media (2 M (NH4)2SO4). This is achieved by selecting a well-known salt-tolerant zwitterionic 
water-soluble polymer, poly(2-(methacryloyloxy)ethyl phosphorylcholine), to act as the soluble 
precursor block. A relatively high degree of polymerization (DP) can be targeted for the salt-
insoluble block, which produces a turbid free-flowing dispersion by a steric stabilization 
mechanism. Particle characterization techniques include dynamic light scattering (DLS) and 
electrophoretic light scattering (ELS) using a state-of-the-art instrument that is capable of 
accurate measurements in concentrated salt solutions. Subsequent dilution using deionized water 
lowers the background salt concentration and hence causes in situ molecular dissolution of the 
salt-intolerant PDMAC chains, which leads to a substantial thickening effect and the formation of 
transparent gels. Thus this new PISA formulation enables high molecular weight water-soluble 
polymers to be prepared in a highly convenient, low-viscosity latex-like form. In principle, such 
aqueous PISA formulations are highly attractive: there are various commercial applications for 
high molecular weight water-soluble polymers while the negative aspects of using a RAFT agent 
(i.e. its cost, color and malodor) are minimized when targeting such high DPs. 
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Synthesis of highly fluorinated polynorbornenes through dispersion polymerization 

Jeewoo Lim, jeewoo@khu.ac.kr. Department of Chemistry, Kyung Hee University, Seoul, Korea 
(the Republic of)  

Fluorinated polymers possess a unique set of properties, ranging from extremely low surface 
energy, low dielectric constant and refractive index, high chemical resistance, and high thermal 
stability, the combination of which often make fluorinated polymers irreplaceable with their non-
fluorinated counterparts. Many of the unique properties of fluorinated polymers, including their low 
solubility, become more conspicuous with increasing fluorine content, and precision synthesis of 
polymers containing majority fluorine content by weight thus remains a formidable challenge. We 
herein report a dispersion ring-opening metathesis polymerization (ROMP) of norbornenes with 
high fluorine contents (> 50 wt. %) in the form of perfluoroalkyl chains. Using amphiphilic block 
copolymers bearing fluorinated blocks as steric stabilizers, the dispersion ROMP could be 
conducted using common organic solvents as the dispersing medium to afford highly fluorinated 
polynorbornene homopolymers with controlled molecular weights and low molecular weight 
distributions. Polynorbornenes with fluorine content of over 60 wt.% and molecular weight of over 
500 kDa could be prepared in multigram scales using the polymerization, allowing for the studies 
into the material’s viscoelastic properties. The use of block copolymer dispersants led to the 
formation of fluoropolymer nano- and microparticles, the growth kinetics of which could be 
controlled by varying the concentratino of stabilizers. Furthermore, the dispersion ROMP could be 
extended to metal-free ROMP, allowing for the preparation of heavily fluorinated polynorbornenes 
using a visible light source and without the use of transition metal catalysts. 

  



255 
 

General Topics: New Synthesis & Characterization of Polymers 

Exploring the connections between chelating polymer structure and rare-earth element 
binding thermodynamics 

Michael D. Schulz, mdschulz@vt.edu, William Archer, Connor Gallagher. Department of 
Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States  

Rare-earth elements (REEs: La–Lu, Y, and Sc) are integral to modern technology. As 
technological development continues, world demand for these metals will increasingly outpace 
supply. Consequently, new and sustainable sources are needed, as well as more efficient 
methods of extraction and purification. Metal-chelating polymers have great potential in REE 
extraction and separation applications due to their relatively low cost and high affinity for target 
elements. To investigate the interplay between polymer structure and metal chelation, we 
synthesized metal-chelating polymers with systematic variations in structure (chelating group, 
tacticity, hydrophobicity, etc.). We then used isothermal titration calorimetry to directly measure 
the binding affinity, enthalpy changes, and stoichiometry of the interactions between a series of 
REEs in solution and these metal-chelating polymers. These measurements enabled us to 
characterize the complete thermodynamic profile of these polymer-metal interactions. Further 
measurements of changes in heat capacity and solvent isotope effects, along with computational 
data, reveal the key role of water during metal binding. 
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Insights into the mechanism of the zwitterionic ring-opening polymerization of aziridine 

chandan giri, chandan.chem@gmail.com, Paul Rupar. Chemistry, The University of Alabama, 
Tuscaloosa, Alabama, United States  

Nucleophilic Zwitterionic Ring-Opening Polymerizations (ZROP) are used as an effective method 
to synthesize cyclic polymers. This method was widely in the polymerization of polylactide and 
Butyrolactone. In contrast, zwitterionic polymerizations of aziridine is unexplored. Very recently, 
we and others have proposed that zwitterionic polymerizations of activated aziridines can occur 
under certain conditions. Our efforts to understand the impact of zwitterions on the 
polymerizations of aziridine will be discussed. 
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Elucidating ion-pairing effects in metal-free ring-opening metathesis polymerization 

Sean Gitter, sgitter@wisc.edu, AJ Boydston. Chemistry, University of Wisconsin-Madison, 
Madison, Wisconsin, United States  

Ring-opening metathesis polymerization (ROMP) has emerged as a leading methodology for 
controlled polymer synthesis. State of the art metal alkylidene initiators have enabled the 
synthesis of ROMP polymers with excellent microstructural, morphological, and molecular weight 
control, resulting in materials with finely tuned properties. Unfortunately, reliance upon metal 
initiators is limiting due to the high cost of organometallic reagents, and residual metal 
contamination in ROMP products. In a departure from traditional approaches, we have recently 
reported a metal-free (MF-ROMP) variant of ROMP, which utilizes enol ether initiators, in tandem 
with pyrylium photocatalysts under visible light irradiation to achieve ROMP. Within the context of 
MF-ROMP we discovered that ion pairing interactions are critical to achieve alkene stereocontrol, 
suggesting that understanding and tuning these interactions should increase our ability to control 
MF-ROMP, and enable the precise design of MF-ROMP products. In this talk we will discuss 
recent findings pertaining to ion pairing during MF-ROMP. Initiator, anion, and monomer 
structural effects will be introduced, and design principles for next generation systems which 
achieve high degrees of stereo, and molecular weight control will be discussed. In conclusion, we 
will examine the materials properties of the resulting polymers. 
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Development of photoinduced olefin polymerizations 

Brian K. Long, long@utk.edu, Justin Burroughs, Jordan Kaiser. Chemistry, The University of 
Tennessee Knoxville, Knoxville, Tennessee, United States  

The use of external stimuli to toggle catalysts, initiators, or reactive intermediates between distinct 
states is a promising method to enable control over the initiation and/or propagation steps of a 
polymerization. Toward this goal, researchers have demonstrated unprecedented methods by 
which monomer selectivity, kinetics, molecular weight, conversion, sequence, dispersity, tacticity, 
and polymer architecture may be manipulated. In many cases, these polymerizations employ 
latent catalysts or initiators that are dormant until an external stimulus is applied, thereby 
providing temporal control over the polymerization. Among the list of available stimuli, light is the 
most commonly used due to its inexpensive, non-invasive, and environmentally benign nature. 
Moreover, it can be selectively applied through controlled exposure, or use of a photomask, 
enabling spatiotemporal control over the polymerization process. The ability to spatiotemporally 
control polymerization initiation provides the enabling chemistry required for many advanced 
applications, such as 3D printing, photolithography, and laser imaging, as well as 
photoresponsive coatings, inks, adhesives, and biomaterials. 

Although photoinitiation is a proven and viable means to modulate several polymerization types, 
such as reversible-deactivation radical polymerization (RDRP), ring opening polymerization 
(ROP), cationic polymerization, and ring-opening metathesis polymerization (ROMP), the 
photoinduced initiation of olefin polymerization precatalysts is heretofore unknown. As a result, 
spatiotemporal control of olefin polymerizations has yet to be achieved. To overcome this 
fundamental gap in current capabilities, we will demonstrate a novel methodology that enables 
the photoinduced initiation of olefin polymerization precatalysts, thereby imparting spatiotemporal 
control in solution-state and heterogeneous olefin polymerizations. Our preliminary results 
establish proof-of-principle evidence supporting the feasibility of this photoinduced initiation of 
olefin polymerization (PIOP) strategy and provide insight into potential future applications. 
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Probing the interactions between doxorubicin and polymers for drug capture 

Ophelia Wadsworth, jwoph17@vt.edu, Michael D. Schulz. Chemistry, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia, United States  

Doxorubin (DOX) is a leading chemotherapeutic drug used to treat cancerous tumors.1 In 
traditional chemotherapy treatment for liver cancer, DOX is administered via transarterial 
chemoembolizaton (TACE), a procedure where the drug is directly injected into the liver or tumor 
vasculature. In this procedure, about 50% of the drug remains in the tumor while the rest enters 
the systemic circulation and causes off-target side-effects.2 This research seeks to sequester this 
off-target DOX with an intraarterial device, which will mitigate non-target tissue damage and 
enhance drug efficacy. First, we assessed the binding affinity between DOX, which is cationic at 
physiological pH, and a series of polymers functionalized with varying anionic moieties. Free-
radical polymerization was used to synthesize aliphatic and aromatic polymers to evaluate how 
acid strength, ionizability, aromaticity and ring substituent contribute to DOX capture. UV-Vis 
spectroscopy was used to determine the decrease in DOX concentration over time as the 
polymers stir in solution at 37 °C. We will use these data to determine the relationship between 
polymer structure and drug capture efficacy. Additionally, we will determine the overall binding 
strength by evaluating drug leaching from the material after capture. Ultimately, these materials 
may be fabricated into an intraarterial device that could be employed during TACE procedures. 
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Effects of backbone alkene stereochemistry on the bioactivity of peptide-modified 
polynorbornene brush polymers 

Omar Ebrahim1, oebrahim123@gmail.com, Spencer Burton1, Or Berger1, Kendal Carrow2, 
Matthew Thompson1, Nathan C. Gianneschi1. (1) Chemistry, Northwestern University, Evanston, 
Illinois, United States (2) Biomedical Engineering, Northwestern University Feinberg School of 
Medicine, Chicago, Illinois, United States  

Stereocontrolled polymerizations can be used to generate isomers of synthetic polymers with 
divergent physical properties. These differences are derived from changes in morphology, which 
biopolymers, like proteins, are particularly sensitive towards. It is hypothesized that the 
therapeutic output of proteomimetic polynorbornene peptide-bottlebrushes containing olefins 
along their backbone will display similar sensitivity to changes in alkene orientation. Herein, we 
employ a cis-selective Ruthenium initiator for Ring-Opening Metathesis Polymerization (ROMP) 
of nornbornenyl-peptide monomers to generate peptide brush polymers displaying a variety of 
therapeutic sequences. The structure and function of these cis-enriched polynorborenenes are 
compared to polymers containing a nearly equal mix of cis and trans olefins as generated by the 
third-generation Grubbs’ initiator. In one example, cis-polymers displaying an anti-angiogenic, 
CD36 binding peptide designed to mimic the action of thrombospondin-1 (cis-poly(ABT898)), 
outperformed the equivalent, isomerically mixed polymers at inhibiting the uptake of fatty acids by 
CD36. In addition, the cytotoxicity of cis-poly(ABT898) was greatly reduced in retinal epithelial 
cells, making them an attractive target for the treatment of age-related macular degeneration. 
Preliminary small-angle X-ray scattering experiments suggest that polymers containing multiple 
trans-alkenes tend to be globular, while highly cis-enriched polymers elongate which may 
promote multivalent behavior. To generalize these results, additional cell-surface and intracellular 
peptide targets are being investigated, including natural hormones, and peptides targeting 
intracellular, disease driving protein-protein interactions. Identifying key differences in the 
bioactivity for each of these systems is motivated by a consideration of the desired morphology 
for macromolecular drugs in the same way that bond orientation is precisely controlled for small 
molecule drugs. 
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Leveraging non-covalent interactions for preceramic polymer-grafted nanoparticles 

Nicholas D. Posey1,2, nicholas.posey.phd@gmail.com, Kara L. Martin3, Matthew B. Dickerson2. 
(1) Materials and Processes Division, UES, Inc., Dayton, Ohio, United States (2) Materials and 
Manufacturing Directorate, Wright-Patterson Air Force Base, Wright-Patterson AFB, Ohio, United 
States (3) Wright-Patterson Air Force Base, Wright-Patterson AFB, Ohio, United States  

High-temperature ceramics are required for advanced defense applications, like components for 
turbine engines and high-speed flight. Normally, low molar mass, ill-defined preceramic polymers 
are used for the fabrication of ceramic matrix composites, but recently preceramic polymers 
grafted to inorganic solid cores have shown promise as a next generation ceramic precursor. 
Herein, we present the synthesis and characterization of preceramic polymer-grafted 
nanoparticles (PGNPs) assembled via non-covalent interactions for applications in manufacturing 
high-temperature ceramics. First, PGNPs were prepared via a grafting-to approach using 
pyridine-functionalized preceramic polymers (two different backbones) to coordinate zirconium 
ions which were also coordinated by pyridine-functionalized silica particles. These metal-
coordinated PGNPs were rheologically characterized and found to have formed gel-networks with 
metal loading dependent properties. As a further demonstration of the non-covalent grafting-to 
approach, efforts toward the synthesis of preceramic nanoscale ionic materials (PNIMs) will be 
presented. Sulfonate-functionalized silica particles have been prepared and were envisaged to 
serve as a multivalent anionic counter ion for cation-functionalized preceramic polymers currently 
under development. The synthesis and preparation of these hybrids will be also presented as part 
of an exhibition of the non-covalent strategy for preparing preceramic materials. 
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Photochromic polymers based on the photo-activation of 2,2’-bipyridine-sulfur dioxide 
donor-acceptor complex 

Connor Filbin, Olajumoke Adeyiga, Christopher Mallon, Matthew J. Tucker, Samuel O. Odoh, 
Ying Yang, yingy@unr.edu. Chemistry, University of Nevada Reno, Reno, Nevada, United 
States  

Photochromic bipyridines typically appear in the form of N, N’-disubstituted-bipyridines, known as 
viologens. Following irradiation with UV light, a viologen undergoes one-electron transfer to form 
a blue-colored radical cation. Many metal complexes with 2,2’-bipyridine ligands are also vibrantly 
colored due to the metal-to-ligand charge transfer. In this presentation, we will discuss another 
photo-responsive mechanism of metal-free 2,2’-bipyridine derivatives through photo-activated 
interactions with sulfur dioxide (SO2) and its applications in photo-switchable polymers. Through 
density functional theory (DFT) calculations, we found a local minimum conformation for the 2,2’-
bipyridine-SO2 complex which can be populated by photo-activation in the near-UV to the visible 
range. This conformation features a shorter N-S bond distance compared to the lowest energy 
structures, which destabilizes the HOMO and shortens the HOMO-LUMO gap to the visible 
portion. It represents a new class of molecular switches that can be adapted to various photo-
responsive materials. Experimentally, the 2,2’-bipyridine derivatives synthesized in this study 
undergo a reversible color change from light yellow to magenta upon irradiation in UV to the 
visible light range with a new absorption peak at 550 nm. EPR spectroscopy did not show any 
detectable free radicals in the colored form, confirming a photochromic pathway that is different 
from viologens. The photochromism is reversible in solution and in polymers. Different from many 
photochromic systems, in polymers, the colored photo product can stay stable in the dark at room 
temperature. It then reverses back to the non-irradiated state by heating. 
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Oxygen-proof, green-light-induced atom transfer radical polymerization 

Grzegorz Szczepaniak2, szczepaniak.grzegorz@gmail.com, Jaepil Jeong2, Kriti Kapil2, Sajjad 
Dadashi-Silab2, Saigopalakrishna Y. Yerneni1, Sushil Lathwal2, Subha R. Das2, Krzysztof 
Matyjaszewski2. (1) Department of Biomedical Engineering and Engineering Research 
Accelerator, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States (2) Department 
of Chemistry, Carnegie Mellon University, Pittsburgh, Pennsylvania, United States  

Over the last decade, photoinduced atom transfer radical polymerization (photo-ATRP) 
techniques have been developed to harness the energy of light to generate radicals. Most of 
these methods require the use of UV light to initiate polymerization. However, UV light has 
several disadvantages: it can degrade proteins, damage DNA, cause undesirable side reactions, 
and has low penetration depth in reaction media. 

In the present work, we have developed a dual photoredox/copper catalysis that allowed a well-
controlled ATRP under low-energy green light. Eosin Y (EY) was used as an organic 
photocatalyst to trigger and drive the polymerization, while the copper species provided control 
over the radical propagation via ATRP equilibrium. Importantly, no polymer formation was 
observed in the absence of EY. In this dual catalysis, photoexcited EY undergoes reductive 
quenching by the ATRP ligand to form the EY radical anion (EY●−). The EY●− reduces CuII/L by 
single electron transfer, leading to the formation of the CuI/L activator. Since CuI/L and EY●− can 
react with molecular oxygen, the continuous regeneration of the activator and the generation of 
EY radical anion itself provide high oxygen tolerance, allowing ATRP in an open vessel at stirring 
rates up to 1000 rpm. This method proved to be highly efficient for the synthesis of polymers 
without the need for deoxygenation. We envision that this versatile method will greatly facilitate 
the synthesis of complex polymeric materials by non-experts. 
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One-pot synthesis of porphyrin-based ionic covalent organic frameworks for iodine uptake 

Syed Ibrahim Gnani Peer Mohamed, sgnanipeermohamed2@unl.edu, Siamak Nejati. Chemical 
and Biomolecular Engineering, University of Nebraska System, Lincoln, Nebraska, United States  

Covalent organic frameworks (COFs) having crystallinity and ionic groups called ionic COFs 
(iCOFs) have attracted remarkable attraction from the scientific community. The ample ionic 
groups and adjustable structural chemistry and defined channel facilitate various applications 
such as separation, energy storage, catalysis and sensing. Despite notable progress made in this 
research area, the synthesis of iCOFs in one-step is challenging. As of now, the iCOFs especially 
cationic COFs (cCOFs) have been synthesized either by using ionic monomer or post-
modification of pre-synthesized COFs. Herein, we report the one-pot synthesis of cCOFs using 
neutral monomers 5,10,15,20-tetra(4-pyridyl) porphyrin (TPP) or 5,10,15,20-tetra(4-pyridyl) 
porphyrinato copper (II) (CuTPP) along with 1,4-bis-bromomethyl-benzene (BBMB) in chloroform 
via Menshutkin reaction for effective iodine uptake. In the present study, no ionic monomer and 
post-treatment strategy was followed. It was noticed that, upon increasing the reaction time, the 
cCOFs were changed their morphology from 2D nanosheet to 1D nanofiber due to the presence 
of intermolecular forces. We also found that the concentration of copper (II) acetate concentration 
affects the morphology of the isolated cCOFs. When we prepared the CuTPP with 2.3 
equivalents of copper (II) acetate, we ended up with rod-like morphology of cCOFs. This trend 
was attributed to the formation of a metal-organic framework (MOF) between TPP and copper (II) 
acetate via a paddlewheel-like complex. Thus, the optimized concentration of 1.2 equivalents of 
copper (II) acetate led to the formation and 1D nanofiber morphology. Furthermore, the as-
synthesized cCOFs exhibited maximum iodine uptake of 3.5 g g-1. We attribute the enhanced 
iodine uptake in the vapor phase to the presence of the ionic functional group in cCOFs. 

 
Synthetic scheme of ionic covalent organic frameworks 

  



265 
 

General Topics: New Synthesis & Characterization of Polymers 

Synthesis and self-assembly of high-χ block copolymers 

Polyxeni P. Angelopoulou1, xeniaag@chem.uoa.gr, Jihua Chen2, Jong K. keum3, Kunlun 
Hong2, Georgios Sakellariou1. (1) Industrial Chemistry Laboratory, Department of Chemistry, 
National and Kapodistrian University of Athens, Athens, Greece (2) Center for Nanophase 
Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United States (3) 
Neutron Scattering Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States  

The microphase separation of block copolymers with high Flory-Huggins interaction parameter (χ) 
can lead to well-ordered nanodomains even for particularly short polymer chains, allowing, thus, 
for ultra-small nanofeatures. This property is highly desirable in a variety of applications, such as 
nanolithography, nanomembranes, or as nanotemplates where structures scaling down to the 
sub-10-nm regime are desired. 
In this work, we describe the synthesis of block copolymers with high Flory-Huggins (χ) 
interaction parameter. Controlled polymerization with high-vacuum techniques was employed in 
the synthesis of these polymers in order to structure control (low dispersity and precise molecular 
weight control). These block copolymers were characterized both molecularly and 
morphologically with a range of techniques, including nuclear magnetic resonance spectroscopy 
(NMR), size exclusion chromatography (SEC), small-angle X-ray scattering (SAXS), and 
Transmission Electron Microscopy (TEM). 
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Versatile and straightforward process to turn plastics into antibacterial materials 

Catherine Lefay, catherine.lefay@univ-amu.fr. Aix-Marseille Universite, Marseille, Provence-
Alpes-Côte d'Azu, France  

Bacterial resistance to antibiotics is a major public health problem and there is an urgent need to 
find new antimicrobial materials to circumvent the development of resistant pathogens. 

The objective of this work is to propose an efficient, versatile and simple method to elaborate 
antibacterial polymeric materials based on the simple dispersion, in different common organic 
matrices, of a small amount of high molecular weight (Mn > 20,000 g.mol-1) cationic amphiphilic 
methacrylic copolymers prepared by nitroxide-mediated controlled radical polymerization. 

Specifically, we demonstrated that less than 2 wt% of diblock copolymers based on butyl 
methacrylate (hydrophobic monomer) and quaternized N,N-dimethylaminoethyl methacrylate 
(hydrophilic monomer) dispersed by extrusion in conventional industrial polymer matrices ( 
HDPE, LDPE, PLA and PETG) conferred antibacterial activity to these initially inactive organic 
materials. This approach, which does not require the usually costly modification of the material 
surface and which is not based on the dispersion of small molecules (e.g. antibiotics or silver 
nanoparticles that can migrate out of the material), also offers the advantage of providing 
materials that are active against different types of Gram + (S. aureus), Gram – (e.g. E. coli) or 
multi-resistant bacteria without loss of activity with time or use (Figure 1). This method could be of 
great interest to develop antibacterial food packaging. 

 

 
 

Figure1.Process for making antibacterial plastics by extrusion 
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Transient changes in degree of swelling and ion partitioning of negatively charged 
polyelectrolyte gels 

Matan Mussel1, mmussel@sci.haifa.ac.il, Owen Lewis2, Peter Basser3, Ferenc Horkay3. (1) 
Department of Physics, University of Haifa, Haifa, Haifa, Israel (2) Department of Mathematics 
and Statistics, The University of New Mexico, Albuquerque, New Mexico, United States (3) 
Section on Tissue Biophysics and Biomimetics, National Institutes of Health, Bethesda, Maryland, 
United States  

A multicomponent model is analyzed to determine transient changes in a negatively charged gel 
exposed to a solution containing both mono- and divalent cations. Association of ion exchange 
with gel volume is achieved by imposing a linear relation between the Flory interaction parameter 
and concentration of adsorbed divalent cations onto the polymer chains. We demonstrate that the 
simple relation is sufficient to obtain semi-quantitative results that agree with measurements 
made on polyacrylate gels. Compatibility is achieved in three aspects: (1) dynamics of gel 
swelling and deswelling, (2) ion partitioning coefficient, and (3) effect of crosslink density. Our 
investigation contributes to understand the coupled dynamics of the gel system components in a 
realistic non-equilibrium scenario over macroscopic length and time scales. 

 

 
Degree of swelling as a function of time for different initial CaCl2 concentrations in the solution (a) as 
calculated using a multicomponent model and (b) as measured in sodium polyacrylated gels. 
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Polyolefin-acrylic hybrid latex particles: Additives in engineering plastics 

Matthew Carter1, mattcdcarter@gmail.com, Pu Luo2, Robert Moglia2, John Kohn2, Doug Hasso2, 
Miroslav Janco2, Junsi Gu2, Wei Gao2, Johnpeter Ngunjiri2, Catheryn L. Jackson2. (1) Dow 
Construction Chemicals, The Dow Chemical Company, Collegeville, Pennsylvania, United States 
(2) The Dow Chemical Company, Collegeville, Pennsylvania, United States  

Hybrid latex particles composed of an elastomeric polyolefin core and an acrylic shell are useful 
additives in engineering resins. A two-step mechanical dispersion/emulsion polymerization 
process provides particles with a lobed morphology over a 150-500 nm diameter range at various 
polyolefin:acrylic weight ratios. The composition, crystallinity, and thermal properties of the 
polyolefin core can be varied independently of the physiochemical properties of the acrylic phase. 
As a result, this approach provides control over the final properties of the multiphase latex, and 
the unique properties of each polymer component can be simultaneously exploited. For example, 
isolated particles can be melt-blended and co-extruded into a variety of engineering plastics as 
additives that improve the physicochemical properties of the host resin. Dispersed within a resin, 
the acrylic shell acts as a compatibilizer between the polyolefin and the host matrix while also 
improving weatherability; at the same time, discrete domains of elastomeric polyolefin provide 
impact resistance and improvements in melt flow. The results of this work create new 
opportunities for the use of hybrid polyolefin-acrylic particles in a range of plastic additive 
applications. 
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Dielectric barrier discharge plasma polymerization 

Sky Harper, harpers707486@gmail.com, Haifeng Ji. Chemistry, Drexel University, Philadelphia, 
Pennsylvania, United States  

Polymers can be found everywhere—both naturally occurring or artificially synthesized such as 
starch and toothpaste. New methods for polymer synthesis are at the forefront of materials 
research due to their ideal mechanical and chemical properties, such as strength, hardness, and 
durability. Properties can be influenced by polymer length and polymerization conditions. This 
research investigated a novel dielectric-barrier discharge (DBD), non-thermal plasma-based 
approach to prepare poly (acrylic acid) (PAA) in situ. The goal was to achieve a reduction in the 
energy and preparation time required to prepare PAA on specific surfaces such as porous 
materials, which has proven a challenge for different methods of polymerization such as UV, 
thermal, and traditional hot plasma polymerization. This work generated data that will provide 
guidance for the overall efficiency, such as the cost and polymerization time of the DBD plasma 
approach for the treatment of polymer coatings. This research will study the plasma-initiated 
polymerization of PAA and display the concept of remote polymerization. This efficient method 
could be applied in the industrial setting. The DBD plasma-initiated polymerization of AA will be 
explored with a focus on the kinetics and mechanism of polymerization and we will compare our 
PAA data to other studies using different polymerization methods. 
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How kinetic modeling is improving radical ring-opening polymerization 

Yohann Guillaneuf, yohann.guillaneuf@gmail.com. Aix-Marseille Universite, Marseille, 
Provence-Alpes-Côte d'Azu, France  

Although polymerization of traditional vinyl monomers proceeds by chain addition with the 
creation of carbon-carbon bonds, some cyclic monomers bearing vinyl or exomethylene groups 
can be polymerized by a radical pathway through a ring-opening mechanism. Radical ring-
opening polymerization (rROP) thus combines the advantages of both ring-opening 
polymerization and radical polymerization, that is the production of polymers having heteroatom 
and/or functional groups in the main chain together with the robustness, the ease of use and the 
mild polymerization conditions of a radical process. Since the first reports, many structures from 
totally different chemical families were tested for their ring-opening ability. Among them, cyclic 
ketene acetals (CKA) were reported by Bailey and coworkers in the early eighties as suitable 
monomers for rROP. This monomer family was then extensively studied as a way to produce 
similar polymers to classic aliphatic polyesters, but through a radical pathway. 

rROP was extensively studied in the 90s but has been recently rejuvenated by the possibility to 
copolymerize cyclic vinyl monomers with classical vinyl monomers, leading to cleavable functions 
into the copolymer backbone. This led to a broad range of novel (bio)degradable materials 
suitable for a large scope of applications. It has to be noted that all these recent studies used 
well-known cyclic monomers without newly developed compounds, since it is difficult to 
rationalize the reactivity of this kind of monomers. 

In this talk I will present the recent advances we made in this field that are all due to the use of 
quantum calculations combined with kinetic modelings (determination of reactivity ratios, rate of 
addition, etc.) and that allows us to prepare materials with improved properties. 
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Silk like polymer: Chemical synthesis & use 

Amrita Sarkar, sarkara@montclair.edu. Chemistry & Biochemistry, Montclair State University, 
Montclair, New Jersey, United States  

Silk is a naturally found biodegradable polymer/fiber with remarkable tensile strength, toughness 
and elasticity, comparably higher than the high-performance man-made polymers (e.g., Kevlar, 
Nylon 6,6). The outstanding mechanical properties of silk originate from silk fibroin (SF) which is a 
primary protein component found in the core of silk threads. The SF can be synthetically 
mimicked to linear segmented polymers with alternating crystalline β sheet forming alanine and 
amorphous poly(ethylene glycol) blocks. We explored various approaches for synthesizing silk-
like polymers with precisely defined crystalline alanine blocks, via solid-phase peptide synthesis, 
ring opening polymerization, step-growth polymerization and microwave-assisted click chemistry. 
Resultant polymers formed antiparallel β-sheets and nanofibers, consistent with the structure of 
SF. Here, I will elaborate our group’s effort in synthesizing silk like polymer and its use in 
chemical reduction of graphite oxide. 
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Quantitative approach to evaluate haptics of soft-touch waterborne coatings 

Xiangyi Zhang, zxy1990@gmail.com, Ibrahim Eryazici, Edwin Nungesser, Johnpeter Ngunjiri, 
Tanya Fry, Joseph Hoefler. The Dow Chemical Company, Collegeville, Pennsylvania, United 
States  

Haptics is related to the sense of touch and has become an important influencing factor in 
consumer’s purchasing decision on high-value products such as automobile, personal care, and 
bedding products. Market trends in soft-touch coatings have shown a strong need for 
superior/differentiating materials for brand recognition and expression of brand quality. However, 
a key challenge in developing haptic coatings has been the subjective nature of haptic 
evaluations. Currently, manufacturers heavily rely on human sensory panels to evaluate product 
feel. The subjective and imprecise nature of this approach has created a significant challenge in 
product development and quality control. A quantitative approach for haptics evaluation and 
correlating sensory feel to measurable physical properties such as texture, friction, tack would 
bring great value. In this study, we used multiple analytical tools to characterize key touch-related 
surface properties, including surface roughness, tack, friction, and compliance, of a large set of 
soft-touch waterborne coatings used in leather upholstery applications. A subset of formulations 
was also evaluated by a trained human panel and the responses in smoothness, friction, 
softness, and overall preference were compared to those physical measurements. The 
correlation between the measured properties and human’s haptics rating will be discussed. While 
the individual surface properties do not always correlate to the touch attribute rated by human 
panel, several of the physical parameters were found to be strong indicators for human’s haptics 
preference. This reveals the potential of using these surface properties to guide material 
selections in early-stage development, enabling a quantitative approach to bridge material design 
to haptic performance. 
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Facile access to linear ABC triblock terpolymer libraries via chromatographic separation 

Elizabeth A. Murphy, elizabethm1239@gmail.com, Morgan Bates, Christopher M. Bates, Craig 
J. Hawker. University of California Santa Barbara, Santa Barbara, California, United States  

Linear ABC triblock terpolymers offer unique opportunities to design new nanostructured 
materials with exotic morphologies due to their higher order multiblock sequences. However, the 
laborious synthesis and compositional complexity of ABC materials render any systematic 
investigation of self-assembly challenging. Here, we report a versatile and scalable strategy for 
the rapid generation of linear ABC triblock terpolymer libraries starting from a single parent 
sample using automated flash chromatography. Separations occur with predictable trends in the 
volume fractions and relative molecular weights of all three blocks, accelerating the study of 
phase space. In addition, fractionated triblocks exhibit higher quality morphologies compared to 
as-synthesized parent terpolymers as evidenced by small angle X-ray scattering. This 
operationally simple separation technique greatly accelerates the exploration of triblock 
terpolymer phase behavior across a wide range of compositions, molecular weights, and block 
sequences compared to conventional synthesis. 
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Photoredox catalyst scope in metal-free ring-opening metathesis polymerization 

Rachel L. Tritt, rtritt@wisc.edu, AJ Boydston. Chemistry, University of Wisconsin-Madison, 
Madison, Wisconsin, United States  

We have investigated the breadth of photoredox catalysts (PCs) that can be utilized in metal-free 
ring-opening metathesis polymerization (MF-ROMP). Our system’s ability to be spatiotemporally 
controlled using light makes it an excellent candidate for applications like stereolithography and 
3D printing. However, our current PC class has limited solubility in non-polar media, which makes 
polymerization at high monomer concentration and in bulk a challenge. By better understanding 
the PC chemical space in which we can operate, we can more carefully tailor our system to meet 
a multitude of needs and applications. 
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Piezonanoparticles and aryl onium salts facilitate metal free mechanoredox process for 
free and controlled radical polymerization 

Progyateg Chakma, chakmap8@uw.edu, Matthew Golder, Sarah Zeitler. Chemistry, University 
of Washington, Seattle, Washington, United States  

Mechanoredox processes, which involve mechanically induced electron transfer, have recently 
gained significant interest in organic synthesis and biological applications. For macromolecule 
synthesis, mechanoredox processes utilize force as an alternative energy source to conventional 
thermal and photochemical systems. However, current mechanoredox mediated polymerization 
systems often require transition metal additives and show limited control over background activity. 
Herein, we demonstrate a metal free mechanoredox mediated radical polymerization based on 
aryl iodonium salts and piezonanoparticles (PNPs). Iodonium salts initiated both free radical 
polymerization (FRP) and controlled reversible addition-fragmentation chain-transfer (RAFT) 
polymerization of meth(acrylate) monomers by utilizing ultrasound (US) and ball mill as force (see 
figure). In the FRP system, high molecular weight polymers were achieved with typical FRP 
molecular weight distribution (PDI = 1.5-2). On the other hand, in the RAFT system, very good 
control over the molecular weight was observed (PDI~1.05). Chain end analysis was carried out 
by high resolution MALDI to confirm the mechanism. Additionally, in both cases, the effects of the 
PNP loading and nature of the PNPs on polymerization rate were studied. Pleasantly, in the 
absence of mechanoredox conditions, no significant background activity was realized. The 
developed methodology can be crucial for mechanically induced post polymerization modification 
and adaptive material design. 
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Core substitution of N,N-diaryl dihydrophenazine photocatalysts for improved 
polymerization control and mechanistic insight in organocatalyzed atom transfer radical 
polymerization 

Katherine Puffer, katrina.puffer@colostate.edu, Daniel Corbin, Katherine Chism, Anna Wolff, 
Garret Miyake. Chemistry, Colorado State University College of Natural Sciences, Fort Collins, 
Colorado, United States  

Controlled radical polymerizations allow for the synthesis of polymers with precise compositions 
and architectures, targeted molecular weights, and narrow molecular weight distributions. 
Organocatalyzed atom transfer radical polymerization (O-ATRP) uses an organic photoredox 
catalyst (PC) and visible light to access targeted polymer structures under mild, energy efficient 
conditions. N,N-diaryl dihydrophenazine photocatalysts in particular are notable for their high 
excited state reduction potentials and success in maintaining polymerization control in O-ATRP. 
However, low initiator efficiencies (I* < 100%) are not uncommon with these PCs and prevent 
targeted molecular weights from being achieved. In this work, this side reactivity is identified as 
radical addition of the alkyl halide initiator to the catalyst core and is leveraged to create catalysts 
with improved polymerization control. Core substitution is found to alter catalytically relevant 
properties and can improve polymerization control in terms of initiator efficiency and dispersity, as 
well as enable lower catalyst loadings. Additionally, investigation into the rate of alkyl core 
substitution provides insight into the modification of catalytically relevant properties during O-
ATRP. Examination of the rate of alkyl core substitution for catalysts with different N-aryl group 
connectivity (i.e. 1-naphthyl versus 2-naphthyl) may give insight into why catalysts with similar 
photophysical and redox properties may perform differently in O-ATRP. Overall, a new method for 
tuning PC properties has been developed that simultaneously facilitates improved O-ATRP 
outcomes. 
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Poly(cyclosilane) connectivity tunes optical absorbance 

Fan Fang, ffang4@jhu.edu, Qifeng Jiang, Rebekka S. Klausen. Chemistry, Johns Hopkins 
University, Baltimore, Maryland, United States  

We report herein the influence of skeletal connectivity on the conformation-dependent optical 
properties of cyclosilane homo- and copolymers. 1,3-Linked cyclosilanes were red-shifted by 20 
nm in solution relative to 1,4-linked cyclosilanes, an effect reproduced by quantum chemical 
calculations on oligomeric model systems. Polysilane optical properties are conformation-
dependent and 1,3-linked cyclosilanes were hypothesized to adopt a favorable conformation 
unavailable to 1,4-linked cyclosilanes constrained to an endocyclic gauche conformation. 
Copolymerization of the isomeric tetrahydrocyclohexasilanes 1,3Si6 and 1,4Si6 afforded linear 
statistical copolymers, as characterized by 1H and 29Si NMR spectroscopies. The distinct 
connectivity of each comonomer was found to give rise to tunable absorption spectra, where the 
position of the absorption band systematically increased with increased corporation of 1,3Si6. The 
results of these studies demonstrate for the first time the role of silicon skeletal connectivity in 
controlling conformation and optoelectronic properties and provide new insight into structure-
based design of solution-processable silicon-based polymeric materials. 
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Aldehyde-functional diblock copolymer nano-objects via RAFT aqueous dispersion 
polymerization 

Emma E. Brotherton, ebrotherton1@sheffield.ac.uk, Steven P. Armes. The University of 
Sheffield, Sheffield, Sheffield, United Kingdom  

We report the rational design of aldehyde-functional sterically-stabilized diblock copolymer nano-
objects in aqueous solution via polymerization-induced self-assembly (PISA). More specifically, 
the RAFT aqueous dispersion polymerization of 2-hydroxypropyl methacrylate (HPMA) is 
conducted using a water-soluble precursor block in which every methacrylic repeat unit contains 
a pendent oligo(ethylene glycol) side-chain capped with a cis-diol unit. Systematic variation of the 
reaction conditions enables the construction of a pseudo-phase diagram, which ensures the 
reproducible targeting of pure spheres, worms or vesicles. Selective oxidation of the pendent cis-
diol groups using aqueous sodium periodate under mild conditions introduces geminal diols (i.e., 
the hydrated form of an aldehyde obtained in the presence of water) into the steric stabilizer 
chains without loss of colloidal stability. In the case of diblock copolymer vesicles, such 
derivatization leads to the formation of a worm population, i.e. partial loss of the original 
morphology. However, this problem can be circumvented by crosslinking the membrane-forming 
block prior to periodate oxidation. Moreover, such covalently-stabilized aldehyde-functionalized 
vesicles can be subsequently reacted with either glycine or histidine in aqueous solution, followed 
by reduction amination to prevent hydrolysis of the labile imine bond. Zeta potential 
measurements confirm that this derivatization significantly affects the electrophoretic behavior of 
these vesicles. Similarly, the membrane-crosslinked aldehyde-functionalized vesicles can be 
reacted with a model globular protein, bovine serum albumin (BSA), to produce ‘stealthy’ protein-
decorated vesicles. 
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Verdazyl and nitronyl radical-containing polymers for organic electromagnetic devices 

Oluwafemi Ogunlalu, oogunlal@purdue.edu, Kuluni Perera, Hamas Tahir, Ho Joong Kim, 
Jianguo Mei, Bryan W. Boudouris. Purdue University, West Lafayette, Indiana, United States  

Radical polymers have received increased attention due to their scalable synthesis, ambient 
stability, optical transparency, and the ease of tuning their electronic properties. Radical polymers 
based on 2,2,6,6-tetramethyl-piperidin-1-yl-oxidanyl (TEMPO) have been widely synthesized and 
utilized in various organic-based devices. These polymers are exclusively p-type (i.e., hole-
transporting) and recent interest has shifted to a search for other optoelectronic materials that can 
provide electron-transporting (n-type) and ambipolar properties. This would afford opportunities 
for advanced complementary circuitry. Here, we describe the design, synthesis, optoelectronic, 
electrochemical and spin properties of two ambipolar radical polymers based on verdazyl and 
nitronyl-nitroxide pendant groups, poly-3-(4-(1-(3-methoxy-2-methylpropyl)-1,2,3-triazol-4-
yl)phenyl)-1,2,4,5-tetrazin-6-one (TA-PVEO) and poly-3-(4-(1-(3-methoxy-2-methylpropyl)-1,2,3-
triazol-4-yl)phenyl)-4,4,5,5-tetramethyl-1-oxidaneyl-imidazole-3-oxide (PTNN). We have utilized 
TA-PVEO as a counter electrode (i.e., the ion storage layer) in a high-performance 
electrochromic device. TA-PVEO is viable alternative to inorganic-based materials that are 
presently being used in these systems. Furthermore, we have measured a solid-state conductivity 
of 0.07 S m-1 for PTNN and characterized its organic magnetoresistance (OMR) in two different 
device architectures. When fabricated between two diamagnetic gold electrodes, we measured 
an OMR of –2% and further observed a larger negative-magnetoresistance of –6% when used in 
a spintronic device (i.e., between two ferromagnets). The syntheses and application of TA-PVEO 
and PTNN have afforded electronic and magnetic properties that would allow these radical-based 
polymers to be used in advanced applications. 
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Determination of chlorine, bromine, and sulfur in halobutyl rubber samples using 
hydropyrolytic combustion IC 

Terri T. Christison, terri_christison@yahoo.com, Jeffrey Rohrer. Ion Chromatography Products, 
Thermo Fisher Scientific Inc, Sunnyvale, California, United States  

Halobutyl rubber is frequently used in the production of pharmaceutical stoppers and seals due to 
its low permeability to gases, high chemical resistance, and minimal absorption of moisture or 
active pharmaceutical ingredients (API). However, as these polymers contain chlorinated and 
brominated butyl rubber, it is important to analyze the stoppers for their halogen and sulfur 
content. 

Analysis of rubber samples can be very challenging for chromatography methods because 
sample extraction is required. Sample preparation methods are costly, labor intensively, and often 
extract interfering matrices along with analytes of interest. A well-accepted method, Combustion 
Ion Chromatography (CIC), uses hydrolytic pyrolysis to eliminate the sample matrix thereby 
simplifying the analysis. The halogen and sulfur content are converted to ionic halides and 
sulfate, which are quantified using anion-exchange chromatography and suppressed conductivity 
detection. CIC has been demonstrated for determination of halogens and sulfur in a variety of 
difficult liquid, gas, and solid samples, including polymers. 

In this application, we demonstrate that the CIC system with a single software management 
system, to automate qualitative and quantitative analysis of halogens and sulfur in plastic 
samples. Four plastic samples were analyzed for their total chlorine (Cl), bromine (Br) and sulfur 
(S) content with a 10 min run time. The method was accurate, within 95-105% of the certified 
polymer reference material (ERM EC680K) for Cl, Br, and S. Samples contained 3-60 mg/L of 
total chlorine and 79-87 mg/L total sulfur with good recoveries, 81-115% of added standard to the 
samples. 
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Expanding the realm of dye-labelled poly(2-oxazoline)s beyond probing behaviour 

Ronald Merckx1, ronald.merckx@ugent.be, Victor Jerca2, Thomas A. Swift3, Richard 
Hoogenboom1. (1) Universiteit Gent, Gent, Belgium (2) Centre of Organic Chemistry, Bucharest, 
Romania (3) University of Bradford, Bradford, West Yorkshire, United Kingdom  

Dye-labelled polymer chains are extremely useful in many fields including, optical imaging, signal 
amplification in biological diagnostics, light-harvesting and photochromic materials, fluorescence 
studies about intra- and inter-molecular polymer chain associations, conformations, and dynamics 
of polymer chains. In this work, the Förster resonance energy transfer (FRET) of (multi) dye-
functionalized poly(2-oxazoline) s was exploited to evaluate the effect of dye positioning on 
conformational behaviour. 

Therefore, on one hand, the synthesis of α- dye, ω-dye and dual α, ω-dye labelled poly(2-ethyl-2-
oxazoline)s via cationic ring-opening polymerization (CROP) will be discussed. Using controlled 
living polymerization and high coupling efficiency, two Förster resonance energy transfer (FRET) 
capable dyes (pyrene and coumarin) were successfully attached to the polymer chain ends. In 
semi-dilute solutions, the end-to-end distance was well described by the FRET pair, as the 
fluorescence response is dominated by intramolecular FRET and was found to be responsive to 
the polymer solution temperature, based on the lower critical solution behaviour (LCST) 
behaviour of the polymer. These polymers could be successfully processed into fibres and thin 
films. Importantly, the fluorescence properties were retained in the solid-state without decreasing 
the FRET efficiency, thus opening future possibilities for the application of these materials in solar 
cells and/or sensors. 

On the other hand, we report the synthesis of a novel 2-oxazoline monomer bearing a pyrene 
moiety in the 2-position (PyOx), allowing direct incorporation of pyrene through CROP. Aside 
from the synthetic advantages, direct control over the built-in fluorophore concentration allows 
tailoring towards water-soluble PyOx copolymers with 2-methyl-2-oxazoline systems exhibiting 
micellular self-assembly behaviour. Moreover, the fluorescent characteristics of the pyrene 
together with different initiators and terminators were exploited to study the polymer conformation 
via FRET transfer processes. 
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Tetracyanocyclopentadienide-based stable poly(aromatic) anions 

Mustafa Ahmed, ahmed166@purdue.edu, Dung T. Tran, John Putziger, Zhifan Ke, Ashkan 
Abtahi, Zhiyang Wang, Ke Chen, Kai Lang, Jianguo Mei. Chemistry, Purdue University, West 
Lafayette, Indiana, United States  

Polyelectrolytes are polymer-supported polyions that have found broad applications as dispersing 
agents, thickeners, water treatment, and among many others. Typically, polyelectrolytes contain 
common ionizable functional groups such as carboxylic acids and amines, but aromatic anions 
have rarely been investigated due to their instability. Herein, we successfully incorporated a 
stable aromatic anion moiety, tetracyanocyclopentadienide (TCCp-), onto a norbornene (Nb) 
structure. Following Ring Opening Metathesis Polymerization (ROMP), we report the 
development of the first type of polymers carrying stable aromatic anions along the polymer 
backbone, PNb-TCCp. The resulting polymers demonstrate high ionic conductivity in thin films 
and can serve as counter anions to effectively stabilize the doped poly(3,4-
ethylenedioxythiophene) (PEDOT) to retain its electrical conductivity at high temperatures. 
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Radical-induced degradation of thioaminals to create two-stage photodegradable 
networks 

Juan J. Hernandez1, juhe2065@colorado.edu, Yunfeng Hu2, Adam L. Dobson1, Christopher 
Bowman1,3. (1) Chemical and Biological Engineering, University of Colorado Boulder, Boulder, 
Colorado, United States (2) Chemistry, University of Colorado Boulder, Boulder, Colorado, United 
States (3) Materials Science and Engineering Program, University of Colorado Boulder, Boulder, 
Colorado, United States  

In the field of sustainable materials, photodegradable polymer networks are attractive due to their 
inherent spatiotemporal control and selectivity in degradation. Expanding the toolbox of available 
photodegradable chemistries is an important step in this push towards sustainable polymers. This 
work explored thioaminal groups, which cleave into thioamides via radical reaction, as moieties 
that can enable polymer network photodegradation. Model small-molecule studies showed 
thioaminal groups underwent ß-scission in the presence of catalytic amounts of Irgacure 819 and 
exposure to 400-500 nm light, resulting in thioamides. This radical-mediated cleavage of 
thioaminals was found to be semi-orthogonal with the thiol-ene combination reaction, occurring 
only after near quantitative consumption of ene groups. Synthesis of a monomer containing both 
thiol-ene and thioaminal active functional groups enabled the polymerizing thiol-ene reaction to 
achieve quantitative conversion within 30 s followed by a thioaminal degradation taking 15 min. 
This semi-orthogonality was then employed in polymer networks to achieve a distinct 
polymerization and degradation regime controlled by light dose. Varying the light intensity from 1 
to 30 mW/cm2 granted control over degradation time ranging from 5 to 60 min. Mass loss studies 
of this network showed photodegradation was well predicted by previously established statistical 
models. Additionally, the degradation mechanism could transition from surface to bulk 
degradation by changing optical density via decreasing film thickness from 100 to 25 m. Work of 
this nature establishes thioaminal-containing polymers as new photodegradable networks 
specifically and radical-induced thioaminal cleavage as a new chemistry tool generally. 

 
Radical-mediated cleavage of thioaminals into thioamides enables the creation of two-stage polymerizing-
degrading networks, with the process controlled simply by light dose. 
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Stereodefined polymers through olefin metathesis 

Samuel J. Kempel1, sjkemp1@tamu.edu, Ting-Wei Hsu1, Quentin Michaudel1,2. (1) Chemistry, 
Texas A&M University, College Station, Texas, United States (2) Materials Science, Texas A&M 
University, College Station, Texas, United States  

The configuration about double bonds in alkene-containing polymers plays an outsized role in 
determining the thermal and mechanical properties. Despite the significance of this parameter, 
universal methods to modulate olefin stereochemistry in polymerizations are scarce. With the 
invention of Ru-based stereoretentive olefin metathesis catalysts, applications to stereocontrolled 
polymerizations, confined almost exclusively to ring-opening metathesis polymerization (ROMP), 
have grown tremendously. This talk will delve into the development of a stereocontrolled acyclic 
diene metathesis (ADMET) polymerization of simple methyl- or ethyl-terminated dienes to rapidly 
access a broad library of polymers with varying cis:trans alkenes. The differences in thermal 
stability between the same polymers with differing ratios of cis:trans linkages will be outlined as 
well as the change in crystallinity between trans- and cis-rich polymers. The presentation will then 
close with ongoing developments in our lab to produce materials with controllable functionality 
through olefin metathesis. 

 
  



285 
 

 
  



286 
 

Green Polymer Chemistry & Sustainability 
 

Green Polymer Chemistry & Sustainability: Enzyme 
Catalyzed PolymerizationsSunday: 08:00am - 12:00pm 
USA / Canada - Central - August 21, 2022 | Location: S104b 
(McCormick Place Convention Center), Dr. H.N. Cheng, 
Organizer; Richard Gross, Organizer, Presider 
Session Type: Oral - Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
Introductory Remarks - 08:00am - 08:05am  
 
3729726 - Lipase catalyzed poly(glycerol-sebacate) and 
poly(glycerol-1,8-octanediol-sebacate): combining 
compositional and crosslinking variables to engineer 
biomaterial properties 
08:05am - 08:30am 
Richard Gross, Presenter 
 
3744180 – Withdrawn - 08:30am - 08:55am 
 
3729180 - Chemoselective synthesis of functional 
polypeptides mediated by enzymes 
08:55am - 09:20am  
Kousuke Tsuchiya, Presenter; Keiji Numata 
 
3738279 - Crosslinking of proteins with laccases: 
Implications for fibre modification 
09:20am - 09:45am  
Artur Cavaco-Paulo, Presenter 
 
3729655 - Precision enzymatic synthesis of functional 
amylosic materials 
09:45am - 10:10am 
Dr. Jun-Ichi Kadokawa, Presenter 
 
Intermission - 10:10am - 10:20am 
 
3744410 - Engineering myoglobin for biocatalytic atom 
transfer radical polymerization and atom transfer radical 
cyclization (On Demand)  
10:20am - 10:45am 
Prof. Nico Bruns, Presenter; Chao Guo; Robert Chadwick; 
Andriy Lubskyy; Kyle Rodriguez; Michela Pellizzoni 
 
3741261 - Enzymatic synthesis of furan-based polymers 
10:45am - 11:10am  
Katja Loos, Presenter 
 
3742619 - Enzymatic cascade for estolides synthesis from 
renewable feedstocks 
11:10am - 11:35am 

Carmen Boeriu; Tom Ewing; Erik Hagberg; Jacco Van 
Haveren; Padmesh Venkitasubramanian, Presenter 
 
3738559 - Naturally occurring catalyst for high 
temperature polymerization 
11:35am - 12:00pm 
Dr. Elena Gabirondo, Presenter; Agustin Etxeberria; Haritz 
Sardon 
 

Green Polymer Chemistry & Sustainability: Biobased 
Polymers and Materials, I 

Sunday: 02:00pm - 06:00pm USA / Canada - Central - 
August 21, 2022 | Location: S104b (McCormick Place 
Convention Center), Dr. H.N. Cheng, Organizer; Richard 
Gross, Organizer; Stephen Miller, Presider; Dr. Nicholas A. 
Rorrer, Presider 
Session Type: Oral - Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3739994 - Sustainable polymers from native silicon 
02:00pm - 02:25pm 
Jordan Torgunrud; Aracelee Reverón Pérez; Emily 
Spitzberg; Stephen Miller, Presenter 
 
3744604 - Bio-based acrylic plastics with performance and 
recyclability advantages 
02:25pm - 02:50pm 
Eugene Chen, Presenter 
 
3743542 - Properaties and applications of glycerol 
(meth)acrylate polymers (On Demand) 
02:50pm - 03:15pm 
Prof. Eric W Cochran, Presenter; Shailja Goyal; Baker Kuehl; 
Michael Forrester; Andrew Becker 
 
3719057 - Streamlined synthesis of bio based triblock 
copolymers using a novel continuous flow reactor 
03:15pm - 03:40pm 
Louis Pitet, Presenter; Milan Den Haese 
 
3739860 - Force-responsive aryl “-onium” salt initiated 
piezo free radical polymerizations 
03:40pm - 04:05pm  
Sarah Zeitler, Presenter; Progyateg Chakma; Matthew 
Golder; Matthew Ross Golder 
 
Intermission - 04:05pm - 04:20pm 
 
3738008 - Performance advantagted thermosets from 
bioderived amines: Benefits in manufacturing, 
performance, and end-of-life 
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04:20pm - 04:45pm 
Dr. Nicholas A. Rorrer, Presenter; Caroline Hoyt; Avantika 
Singh; Scott Nicholson; Gregg Beckham 
 
3739744 - Preparation of self-catalytic epoxy vitrimers: 
Mechanical performance, adaptivity and recyclability 
04:45pm - 05:10pm  
Jinwen Zhang, Presenter 
 
3748684 - Withdrawn - 05:10pm - 05:35pm  
 
3754618 - Synthesis of (co)poly(thio)ethers using earth-
abundant aluminum-based compounds 
05:35pm - 06:00pm  
Robert Ferrier, Presenter; Ms. Niloofar Safaie; Kohji Ohno 
 

Green Polymer Chemistry & Sustainability: Biobased 
Polymers and Materials, II 

Monday, 08:00am - 12:00pm USA / Canada - Central - 
August 22, 2022 | Location: S104b (McCormick Place 
Convention Center) 
Dr. H.N. Cheng, Organizer; Richard Gross, Organizer; 
Professor John R Dorgan, Presider; Timothy Long, Presider 
Session Type: Oral - Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3740509 - Polyester block polymers as sustainable high-
performance thermoplastic elastomers 
08:00am - 08:25am 
Marc Hillmyer, Presenter 
 
3754825 - Fully bio-sourced multiblock poly(ester-b-amide) 
thermoplastic elastomers: Synthesis and properties 
08:25am - 08:50am 
Henri Cramail, Presenter; Etienne Grau; Christopher Costa; 
Thierry Briffaud; Quentin Pineau 
 
3743555 - Greening unsaturated polyester resins using 
biobased materials: A billion dollar per year opportunity 
08:50am - 09:15am  
Professor John R Dorgan, Presenter; Harshal Bambhania; 
Bin Tan 
 
3738386 - Dynamic, reactive, and selective – enabling 
catalyst designs for biodegradable polymer synthesis 
09:15am - 09:40am  
Jerome R. Robinson, Presenter; Xiang Dong; Kerry Casey; 
Audra Woodside; Alexander M Brown 
 
3741611 - Novel methods of modifying bio-based non-
isocyanate polyurethanes to improve mechanical 
properties and reduce environmental sensitivity 
09:40am - 10:05am  

Maksim Makarov; Vincent Berthé; Laura Puchot Puchot; 
Pierre Verge; Alexander Shaplov, Presenter; Daniel Schmidt 
 
Intermission - 10:05am - 10:20am 
 
3743734 - Covestro’s vision to become fully circular: 
Developing polymer products for industry based upon 
alternative raw materials 
10:20am - 10:45am 
Sharlene Lewis, Presenter; Sharlene Lewis, Presenter; Don 
Wardius 
 
3738151 - Tunable non-isocyanate polyurethanes for next 
generation foams 
10:45am - 11:10am 
Timothy Long, Presenter; Jose Sintas, Presenter 
 
3737549 - Biobased self-blowing polyhydroxyurethane 
foams: Improved synthesis, tunability of properties, and 
facile reprocessing 
11:10am - 11:35am 
Nathan Purwanto, Presenter; Yixuan Chen; John Torkelson 
 
3753079 - Predicting properties of biobased polyurethanes 
via hierarchical machine learning 
11:35am - 12:00pm 
Newell Washburn, Presenter; Joseph Pugar; Calvin Gang 
 
Green Polymer Chemistry & Sustainability: Biobased and 

Green Processes 
Monday, 02:00pm - 06:00pm USA / Canada - Central - 
August 22, 2022 | Location: S104b (McCormick Place 
Convention Center) 
Dr. H.N. Cheng, Organizer; Richard Gross, Organizer; 
Kenneth Singer, Presider; Dr Rigoberto Advincula, Presider 
Session Type: Oral - Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3749493 - Transition to circular chemicals and materials; 
what it takes to make it happen 
02:00pm - 02:25pm  
Dr Peter Hermsen, Presenter; Michele Janssen; Marijn 
Rijkers 
 
3737195 - Towards greener resins for 3D printing 
02:25pm - 02:50pm  
Andrew Dove, Presenter 
 
3743371 - Polymer materials for 3D Printing: green 
nanomaterials and composites 
02:50pm - 03:15pm  
Dr Rigoberto Advincula, Presenter 
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3755370 - 4D bio-derived poly(β-Myrcene) inks for 3D 
printable redox-active materials 
03:15pm - 03:40pm  
Andrew Weems, Presenter 
 
3740818 - Chemical approach for the future of PLA 
upcycling: From old 3D printed wastes to new 3D printing 
materials 
03:40pm - 04:05pm  
Lin Shao, Presenter; Yu-Chung Chang; Cheng Hao; Ming'en 
Fei; Baoming Zhao; Brian J. Bliss; Jinwen Zhang 
 
Intermission - 04:05pm - 04:20pm 
 
3735674 - Bio-based materials for optoelectronic 
applications 
04:20pm - 04:45pm  
Kenneth Singer, Presenter; Richard Gross; Kyle Peters; 
Michael McMaster; Shekar Makala; Fei Liu 
 
3744436 - Preparation of itaconic acid-derived bionylon 
having degradation switch 
04:45pm - 05:10pm  
Tatsuo Kaneko, Presenter; Maiko Okajima; Mohammad 
Asif Ali; Maninder Singh; Hongrong Yin; Kenji Takada 
Session Type: Oral - Hybrid 
 
3738803 - Bioinspired biobased strong autonomic self-
healing elastomers 
05:10pm - 05:35pm  
Professor Chuanbing Tang, Presenter 
 
3741159 - Electrofabrication to control the hierarchical 
assembly of biological polymers 
05:35pm - 06:00pm  
Gregory Payne, Presenter 

 
Green Polymer Chemistry & Sustainability: Lignin & PHA 

Tuesday, 08:00am - 11:35am USA / Canada - Central - 
August 23, 2022 | Location: S104b (McCormick Place 
Convention Center) 
Dr. H.N. Cheng, Organizer; Richard Gross, Organizer; 
Megan Robertson, Presider; Rong Tong, Presider 
Session Type: Oral - Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3745939 - Macromolecular materials from lignocellulosic 
and oilseed biomass 
08:00am - 08:25am  
Elisabete Frollini, Presenter 
 
3753498 - Withdrawn - 08:25am - 08:50am  
 

3737591 - Well-defined lignin-based functional polymers 
08:50am - 09:15am 
Hoyong Chung, Presenter; Sundol Kim 
 
3752385 - Mechanically tunable and recyclable lignin 
thermosets via “click” chemistry and surface 
functionalization 
09:15am - 09:40am  
Yishayah Bension, Presenter; Leman Kurnaz; Professor 
Chuanbing Tang 
 
Intermission 09:40am - 09:55am 
 
3736467 - Synthesis and characterization of semi-aromatic 
biobased polyesters exhibiting diverse mechanical 
properties 
09:55am - 10:20am 
Ryan Maynard, Presenter; Demichael Winfield; Jason 
Locklin 
 
3746839 - Polyhydroxyalkanoates as organic recyclable 
food packaging materials 
10:20am - 10:45am 
C. Prieto; A.O. Basar; C. Marcoaldi; M. Pardo; L. Cabedo; 
Prof. Dr. Jose M. Lagaron, Presenter 
 
3740856 - Processing and structure analysis of marine 
degradable fibers with elasticity from poly[(R)-3-
hydroxybutylate-co-4-hydroxybutylate] and evaluation of 
their environmental water degradability 
10:45am - 11:10am 
Tadahisa Iwata, Presenter 
 
3743103 - Scalable stereosequence-controlled 
polymerization of O-carboxyanhydrides to prepare strong, 
ductile and resilient poly(α-hydroxy acids) 
11:10am - 11:35am 
Xiaoqian Wang; Rong Tong, Presenter 
 

Green Polymer Chemistry & Sustainability: New and 
Improved Applications 

Tuesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 23, 2022 | Location: S106a (McCormick Place 
Convention Center) 
Dr. H.N. Cheng, Organizer; Richard Gross, Organize, Cecily 
Ryan, Presider; Erica Frankel, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3732911 - Journey of going waterborne: Advances in 
reducing preservatives from low VOC coatings 
02:00pm - 02:25pm  
Erica Frankel, Presenter 
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3744346 - Physical and chemical properties of biocarbon 
and its effects on the thermal processing of bioplastics 
02:25pm - 02:50pm 
Cecily Ryan, Presenter; Seth Kane 
 
3736396 - Selective new pathways to polysaccharide-based 
block copolymers 
02:50pm - 03:15pm 
Kevin Edgar, Presenter; Junyi Chen; Jeffrey Thompson 
 
3751040 - Awesome polymers from birch bark 
03:15pm - 03:40pm 
Prof. Joseph F Stanzione III, Presenter; Melissa Gordon; 
Lindsay Soh; James Newell; Kirti Yenkie 
 
3740557 - Biobased plasticizers for poly(vinyl chloride) 
03:40pm - 04:05pm 
Bob Howell, Presenter 
 
Intermission - 04:05pm - 04:20pm  
 
3729104 - Acrylic binder and formulation design for 
elastomeric cool roof coatings 
04:20pm - 04:45pm  
Jessica Levin, Presenter; George Daisey; Joseph Mallardi; 
Katherine Elbert; Mark Westmeyer 
 
3744685 - Highly biobased latex adhesives from plant-oil 
derived monomers and isobornyl methacrylate 
04:45pm - 05:10pm 
Bohdan Domnich, Presenter; Vasylyna Kirianchuk; Oleh 
Shevchuk; Andriy Voronov; Stanislav Voronov 
 
3740239 - Sustainable poly(ester-amide)s derived from 
glycolide with high ductility and low gas permeability 
05:10pm - 05:35pm 
Yoon-Jung Jang, Presenter; Leire Sangroniz; Marc Hillmyer 
 
3736785 - Use of polymers to improve water quality by 
removing soluble pollutants 
05:35pm - 06:00pm  
Januka Budhathoki-Uprety, Presenter; Meghan Lord 
 
Green Polymer Chemistry & Sustainability: New Products 

from Biobased Materials 
Wednesday, 08:00am - 12:00pm USA / Canada - Central - 

August 24, 2022 | Location: S104b (McCormick Place 
Convention Center) 

Dr. H.N. Cheng, Organizer; Richard Gross, Organizer; Rein 
Ulijn, Presider; Carmen Scholz, Presider 
Session Type: Oral – Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 

 
3755179 - Biomimicy and green chemistry in the design of 
biopolymers for the circular economy 
08:00am - 08:25am 
John Warner, Presenter 
 
3744197 - High oleic plant oil-based latexes: Effect of fatty 
acids polyunsaturation 
08:25am - 08:50am 
Prof. Andriy Voronov, Presenter 
 
3742797 - Self-templating and solvent-free supramolecular 
polymer synthesis (on demand)  
08:50am - 09:15am 
Dr. Zhen Chen, Presenter 
 
3743529 - Okara-based superabsorbent hydrogels 
enhancing soil properties for improving vegetable growth 
performance 
09:15am - 09:40am  
Dr. Jun Li, Presenter 
 
3741091 - Development of a method to determine the 
composition of vegetable waste based on NMR 
(OnDemand) 
09:40am - 10:05am  
Denise Besghini, Presenter; Michele Mauri; Matteo 
Boventi; Giulia Tarricone; Roberto Simonutti, Presenter 
 
Intermission - 10:05am - 10:20am 
 
3744513 - Repurposing the chemistry of life for 
nanotechnology 
10:20am - 10:45am  
Rein Ulijn, Presenter 
 
3734990 - Poly(glutamic acid): Two isomers – two very 
different polymers 
10:45am - 11:10am 
Carmen Scholz, Presenter; Leah Johnson; Adekunle 
Akinmola 
 
3733515 - Mussel-inspired polypeptides for preparation of 
mitogenic surfaces 
11:10am - 11:35am  
Yoshihiro Ito, Presenter 
 
3741165 - Protein engineered fibers and composites 
11:35am - 12:00pm 
Prof. Jin Kim Montclare, PhD, Presenter 
 
 
 
 

https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451075
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451075
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451076
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451076
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451077
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451078
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451079
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451080
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451080
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451081
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451081
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451082
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451082
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451083
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451083
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/7?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451084
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451084
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/1?eventSearchTag%5b%5d=139
https://acs.digitellinc.com/acs/live/28/page/905/1?eventSearchTag%5b%5d=298
https://acs.digitellinc.com/acs/live/28/page/905/1?eventSearchTag%5b%5d=298
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451085
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451085
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451086
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451086
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451087
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451087
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451088
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451088
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451088
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451089
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451089
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451089
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451090
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451091
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451091
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451092
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451092
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451093
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451093
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451094
https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201


290 
 

Green Polymer Chemistry & Sustainability: Carbohydrates 
and Derivatives 

Wednesday, 02:00pm - 06:00pm USA / Canada - Central - 
August 24, 2022 | Location: S106a (McCormick Place 
Convention Center) 
Dr. H.N. Cheng, Organizer; Richard Gross, Organizer; 
Florent Allais, Presider; Karen L. Wooley, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3729725 - Control of bacterial cellulose morphology 
02:00pm - 02:25pm  
Richard Gross, Presenter 
 
3729224 - Cellulose-derived levoglucosenone, a versatile 
bio-based building block for the production of novel 
sustainable monomers and polymers 
02:25pm - 02:50pm 
Sami Fadlallah; Florian Diot-Néant; Louis Mouterde; 
Stephen Miller; Florent Allais, Presenter 
 
3751009 - Degradable poly(acetal)s from levoglucosenone-
derived enyne monomers 
02:50pm - 03:15pm 
Alec Pabarue, Presenter; Yilei Bu; Will Gutekunst 
 
3733432 - Synthesis and characterization of stereoregular 
functionalized polysaccharides from biomass-derived 
Levoglucosan 
03:15pm - 03:40pm  
Mayuri Kiran Porwal, Presenter; Yernaidu Reddi; Derek 
Saxon; Christopher J. Cramer; Christopher Ellison; Theresa 
Reineke 
 
3742916 - Natural-based hybrid salicylic acid 
poly(anhydride ester) hydrogels for combating drought 
stress 
03:40pm - 04:05pm  
Mariana Reis Nogueira de Lima, Presenter; Nhien Nguyen; 
Kathryn Uhrich 
 
Intermission - 04:05pm - 04:20pm  
 
3755260 - Structural diversity for sustainable, degradable 
polymers derived from carbohydrates 
04:20pm - 04:45pm  
Karen L. Wooley, Presenter 
 
3742770 - Surfactant free emulsion polymerization to 
create polymer brush modified cellulose nanofibril 
reinforcements for poly(lactic acid) 
04:45pm - 05:10pm 
Hathaithep Senkum; William Gramlich, Presenter 

 
3737371 - Structure-property relationship of one-
component nanocomposites (OCNs) based on surface 
functionalized cellulose nanocrystals 
05:10pm - 05:35pm 
Chris Rader, Presenter; Sandra Wohlhauser; Dr. Christoph 
Weder 
 
3737433 - Combined use of green polymer chemistry and 
nanocellulose particles 
05:35pm - 06:00pm  
Dr. H.N. Cheng, Presenter; Qinglin Wu; Zhongqi He; Jacobs 
Jordan 

 
Green Polymer Chemistry & Sustainability: Degradation 

and Recycling 
Thursday, 08:00am - 12:00pm USA / Canada - Central - 
August 25, 2022 | Location: S104b (McCormick Place 
Convention Center) 
Dr. H.N. Cheng, Organizer, Presider; Richard Gross, 
Organizer; Avantika Singh, Presider 
Session Type: Oral - Hybrid 
Co-Sponsor/Theme: Theme: Green Chemistry Theme: 
Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3745119 - Fundamental understanding of biodegradability 
(on demand) 
08:00am - 08:25am 
Dr. Andreas Kuenkel, Presenter 
 
3743990 - Withdrawn - 08:25am - 08:50am  
 
3755399 - Characterizing and improving microbial 
utilization of heterogenous substrates 
08:50am - 09:15am 
Laura Jarboe, Presenter 
 
3743680 - Techno-economic, life-cycle, and socioeconomic 
impact analysis of enzymatic recycling of poly(ethylene 
terephthalate) 
09:15am - 09:40am 
Avantika Singh, Presenter; Dr. Nicholas A. Rorrer; Scott 
nicholson; Erika Erickson; Jason DesVeaux; Andre Avelino; 
Patrick Lamers; Arpit Bhatt; Yimin Zhang; Greg Avery; Ling 
Tao; Andrew Pickford; Alberta Carpenter; John McGheen; 
Gregg Beckham 
 
3736138 - Improvement of thermostability and activity of 
PET-degrading enzyme Cut190 towards a detailed 
understanding and application of the enzymatic reaction 
mechanism 
09:40am - 10:05am 
Dr. Nobutaka Numoto, Presenter; Narutoshi Kamiya; 
Masayuki Oda 
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Intermission - 10:05am - 10:20am  
 
3720158 - Towards the biodegradability of microcapsules: 
A poly(β-amino ester) approach 
10:20am - 10:45am  
Catherine Lefay, Presenter 
 
3740440 - Compatibilization of PET and PLA from plastic 
bottle recycling: Studying the effect of clay amounts on the 
morphological, mechanical and thermal behavior of their 
blends 
10:45am - 11:10am  
Maria-Paraskevi Belioka, Presenter; Dimitris Achilias 

 
3755227 - Backbone-degradable poly(acrylic acid)s for 
scale inhibitors 
11:10am - 11:35am 
Dr Ligeng Yin, Presenter; Dr. Matthew Carter; Stephanie 
Barbon; Randara Pulukkody; Wen-Shiue Young; James 
Defelippis 
 
3739639 - Mechanochemical degradation of polyethylene 
to olefin containing residues 
11:35am - 12:00pm  
Douglas Theberge, Presenter; Laura Wilcox; Yagnaseni 
Ghosh 
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Green Polymer Chemistry & Sustainability 

Lipase catalyzed poly(glycerol-sebacate) and poly(glycerol-1,8-octanediol-sebacate): 
combining compositional and crosslinking variables to engineer biomaterial properties 

Richard A. Gross, grossr@rpi.edu. Center for Biotechnology and Interdisciplinary Studies, 
Rensselaer Polytechnic Institute, Troy, New York, United States  

Immobilized Candida antarctica Lipase B (N435) catalysis in-bulk leads to higher molecular 
weight poly(glycerol sebacate), PGS, than self-catalyzed condensation polymerization. Then, 
poly(glycerol-1,8-octanediol-sebacate), PGOS, copolymers with low-level substitution of O for G 
units (G/O ratios 1:1, 2:1, 3:1, 4:1, and 10:1), were prepared in bulk by immobilized Candida 
antarctica Lipase B (N435) catalysis. The central question explored was the extent that 
exchanging less than half of PGS glycerol units with 1,8-octanediol can be used as a strategy to 
fine-tune biomaterial properties. Synthesized copolymers having G/O ratios of 2:1, 3:1, 4:1, and 
10:1 have similar molecular weights where Mw varied from 52,800-63,800, Mn varied from 5,100 
to 6,450, and dispersity values were also similar (8.4-11.4). All the copolymers were branched, 
and dendritic glycerol units reached 11% for PGOS-0.91:0.09:1.0. Over the copolymer 
compositional range studied herein, Tm and ΔHf values varied from 5.3 to 21.1 °C and 8.0 to 23.1 
J/g, respectively. Stress-strain curves of PGOS copolymers cured at 140 °C for 48 h exhibited 
either a unimodal, bimodal, or trimodal response to tensile loading. Varying G/O from 10:1-to-2:1 
resulted in significant increases in the peak stress (0.26 to 4.01 Mpa), pre-yield modulus (0.65 
Mpa to 62.59 Mpa), failure to strain (64% to 110%), and failure toughness (0.1 Mpa to 0.56 Mpa). 
This demonstrates that, altering the G/O ratio over a narrow compositional range provides 
biomaterials with widely different yet tunable mechanical properties. Further investigation of 
PGOS-0.75:0.25:1.0 films revealed that, by varying the cure conditions from 120 to 160 °C for 
periods of 24 to 72 h, provides access to biomaterials with a failure strain range from 15% to 
224% and Young's modulus from 1.17 to 10.85 Mpa. Hence, using the dual variables of 
compositional variation and changes in cure conditions provides an exciting platform of PGS-
analogues to optimize material-tissue interactions. 

 
Crosslinking of PGS is avoided by lipase-catalysis allow the formation of relatively high molecular weight 
prepolymers 
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Green Polymer Chemistry & Sustainability 

Chemoselective synthesis of functional polypeptides mediated by enzymes 

Kousuke Tsuchiya, tsuchiya.kosuke.3n@kyoto-u.ac.jp, Keiji Numata. Department of Material 
Chemistry, Kyoto Daigaku, Kyoto, Kyoto, Japan  

Polypeptides are fascinating bio-based materials applicable to various fields because of their 
sequential variety which imparts a wide range of physical and physiological properties. Unlike 
conventional synthetic methods for polypeptides such as solid phase peptide synthesis and ring 
opening polymerization of amino acid N-carboxyanhydrides (NCAs), chemoenzymatic synthesis 
using proteases as a catalyst proceeds in more environmentally benign conditions. The 
chemoenzymatic polymerization of amino acid ester mediated by proteases possesses several 
synthetic advantages in terms of chemoselective synthesis of polypeptides with functional 
sequences. For example, amino acid monomers with a reactive group on their side chain can 
polymerize in the presence of proteases without any protecting group on the side chain. We 
successfully synthesized poly(serine) by papain-catalyzed polymerization of serine (Ser) ethyl 
ester without protecting the hydroxy group on the side chain. Another advantage is that periodic 
sequences are readily available via chemoenzymatic polymerization of oligopeptide monomers. 
In the protease-mediated polymerization, the affinity of monomers for proteases is a key to 
facilitate the sequence-specific aminolysis reactions to obtain polypeptides containing functional 
sequences. We attempted to carry out the polymerization of a series of histidine (His)-containing 
oligopeptide monomers using papain. His ethyl ester did not polymerize via papain-catalyzed 
polymerization because of low affinity of His residue for papain. In contrast, the combination of 
His with glycine (Gly) in HisGly dipeptide and GlyHisGly tripeptide monomers allowed these 
monomers to polymerize in the presence of papain, resulting in His-containing periodic 
polypeptides with a high degree of polymerization up to 40. However, GlyHis dipeptide monomer 
did not undergo the polymerization. This is probably due to the difference of affinity for papain 
between HisGly and GlyHis dipeptides. 

 
Papain-catalyzed polymerization of GlyHis and HisGly dipeptide esters. 
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Crosslinking of proteins with laccases: Implications for fibre modification 

Artur Cavaco-Paulo, artur@deb.uminho.pt. Biological Eng., Universidade do Minho, Braga, 
Braga, Portugal  

In this lecture it is described on how proteins can be crosslinking with phenolic compounds and 
laccase enzymes. We have use a BSA as a model protein and tyrosine as a crosslinking agent. 
This concept was further applied for the modification of wool and hair fibres. The shape 
modification was evaluated by number of curly twists determination on the grafted samples. The 
thermal and mechanical properties of the grafted wool yarns was evaluated by TGA, DSC and 
breaking strength determination. The amount of free thiols and weight gain were assessed aiming 
to infer the role of the cysteine pre-treatment on the final tyrosine grafting and shape modification. 
The laccase-assisted grafting of tyrosine onto keratin fibres have influenced the thermal and 
mechanical properties however without compromising their structural integrity for the final 
application purposes. 
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Precision enzymatic synthesis of functional amylosic materials 

Jun-Ichi Kadokawa, kadokawa@eng.kagoshima-u.ac.jp. Kagoshima Daigaku, Kagoshima, 
Kagoshima, Japan  

Amylose is one of representative natural polysaccharides as a component of starch, which is 
composed of α(1→4)-linked repeating glucose units. Amylose with well-defined structure is 
synthesized by glucan phosphorylase (GP)-catalyzed enzymatic polymerization using α-D-
glucose 1-phosphate (Glc-1-P) as a monomer and maltooligosaccharide as a primer with 
liberating inorganic phosphate. As GP has been found to exhibit weak substrate recognition 
specificity and, accordingly, some substrate analogs of Glc-1-P (monosaccharide 1-phosphates) 
can be enzymatically polymerized to yield new unnatural amylosic polysaccharides with α(1→4)-
glycosidic linkages. For example, GP catalyzes the enzymatic polymerization of 2-deoxy-α-D-
glucose 1-phosphate (2dGlc-1-P), which is produced in situ from D-glucal in the presence of 
inorganic phosphate, to produce 2-deoxyamylose. The enzymatically synthesized 2-
deoxyamylose has been found to spontaneously form an artificial antiparallel double-helical 
crystal, owing to building blocks with separated hydrophilic and hydrophobic regions that are 
attributable to pyranose stacking in the absence of hydroxy groups at the C-2 position. The author 
also has reported that GP isolated from thermophilic bacteria (Aquifex aeolicus VF5) catalyzes 
the copolymerization of 2dGlc-1-P, which was produced in situ from D-glucal, with Glc-1-P using 
maltotriose as a primer in Tris-acetate buffer (0.20 M, pH 6.9) / KH2PO4 to produce unnatural 
heteropolysaccharides; i.e., partially 2-deoxygenated amyloses (Scheme 1), which formed cast 
films depending on dGlc/Glc unit ratios. Owing to their high number of hydrophobic regions than 
the natural amylose, the heteropolysaccharide films were found to be hydrophobic. 

 

 
Scheme 1. Thermostable glucan phosphorylase (GP)-catalyzed enzymatic copolymerization of D-glucal 
with Glc-1-P (comonomers) from maltotriose as primer to produce partially 2-deoxygenated amylose. 
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Engineering myoglobin for biocatalytic atom transfer radical polymerization and atom 
transfer radical cyclization 

Nico Bruns1,2, nico.bruns@tu-darmstadt.de, Chao Guo2, Robert Chadwick2, Andriy Lubskyy3, 
Kyle J. Rodriguez3, Michela Pellizzoni3. (1) Department of Chemistry, Technische Universitat 
Darmstadt, Darmstadt, Hessen, Germany (2) Department of Pure and Applied Chemistry, 
University of Strathclyde, Glasgow, Glasgow, United Kingdom (3) Adolphe Merkle Institute, 
Universite de Fribourg, Fribourg, Fribourg, Switzerland  

Atom transfer radical reactions are chemical transformations that do not occur naturally in 
biological systems. Yet, metalloenzymes can catalyze such new-to-nature-reactions, thereby 
paving the way to biocatalytic routes to atom transfer radical polymerizations (bioATRP) and atom 
transfer radical cyclizations (bioATRC). However, native heme proteins such as myoglobin 
display limited degree of control or activity in these reactions. By rational design, myoglobin 
mutants were created that show enhanced performance over their wild type counterparts in 
radical polymerizations and greatly enhanced catalytic turnover in radical cyclization reactions. 
Thus, metalloenzymes and metalloproteins could lead to biological benign reaction systems that 
could allow implementing atom transfer radical reactions into bacterial cultures. 

 
Engineered myoglobin for biocatalytic ATRP and ATRC 
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Enzymatic synthesis of furan-based polymers 

Katja Loos, k.u.loos@rug.nl. Zernike Institute for Advanced Materials, Rijksuniversiteit 
Groningen Faculty of Science and Engineering, Groningen, Groningen, Netherlands  

Within a large variety of renewable building blocks, furan derivatives and furan chemistry occupy 
a special position in polymer chemistry. The similarity between furan and phenyl rings opens an 
opportunity to a biobased alternative for phenyl-based polymers. 

2,5-Furandicarboxylic acid (FDCA) is a highly promising biobased furan monomer, which already 
provided useful polymers i.e polyethylene furanoate (PEF). However, there is one major 
drawback, which limits the potential of FDCA: the decarboxylation occurring while polymerization 
of this monomer. 

Alternative synthesis routes need to be established to overcome the significant risk of 
degradation during polymer synthesis. In this regard, green yet robust enzymatic polymerizations 
are very attractive and have the potential to fulfill the demand of a sustainable production 
process. Using enzymatic polycondensation of biobased furan monomers with various aliphatic 
comonomers a series of furan-based polyesters, polyamides, and polyesteramides were 
successfully synthesized. 
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Enzymatic cascade for estolides synthesis from renewable feedstocks 

Carmen Boeriu2, Tom Ewing2, Erik C. Hagberg1, Jacco Van Haveren2, Padmesh 
Venkitasubramanian1, vsmanian@adm.com. (1) ADM S&T centre, Archer Daniels Midland Co, 
Decatur, Illinois, United States (2) Wageningen Food & Biobased Research, Wageningen, 
Gelderland, Netherlands  

Base oil that include lubricating grease, motor oil and metal processing fluids are all derived from 
crude oil. Depending on the source of crude feedstock, the base oil composition and processing 
requirement chances Vegetable oils based estolides provide an sustainable alternative to Crude 
oil derived base oil. Estolides are oligomeric esters either from the addition of a fatty acid to a 
hydroxyl containing fat or by the condensation of a fatty acid across the olefin functionality of a 
fat. The secondary ester makes the molecule more resistant to water hydrolysis as compared to 
underivatized triglycerides. Estolides have many advantages as lubricant base oils, including 
excellent biodegradability and cold flow properties. In addition to bio-lubricant base oils, estolides 
also finding promising applications in cosmetics and personal care. 

Conventional chemical synthesis of fatty acid estolides from unsaturated fatty acids uses high 
temperatures, generally above 200'C, and an inorganic catalyst such as tin, titanium or 35% 
sulphuric acid, usually in dry organic media. Enzymatic synthesis of Estolides offers an 
sustainable alternative to current conventional process. Enzyme based hydration of C18:1 fatty 
acids to hydroxy-fatty acids( HFA) is followed by conversion of HFA to estolides. Based on the 
capping fatty acids used in the estolides synthesis, the molecular weight, physical properties and 
end application of estolides can be altered. 

This presentation will provide an overview of estolides and showcase a one pot enzymatic 
synthesis of estolides from olive oil as feedstock. Other aspects of developing an industrial based 
process will also be discussed. 
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Naturally occurring catalyst for high temperature polymerization 

Elena Gabirondo, elena.gabirondo@ehu.eus, Agustin Etxeberria, Haritz Sardon. Department of 
Polymers and Advanced Materials: Physics, Chemistry and Technology, Faculty of Chemistry, 
POLYMAT, San Sebastian, Spain  

Polyesters are highly known and used materials in an extent field of applications, such as, 
packaging, automotive industry, construction and electronics. They could be synthesized by 
different polymerization methods; however, no matter the synthesis route employed high 
temperatures are needed, coming to the need of a high thermal stability catalyst. Industrially 
metal catalyst are mostly used ones, as they show high selectivity together with effectiveness and 
the quantities required are low. However, the issue with metal catalyst is that they imply a high 
environmental and economic cost and in addition, as it is not possible their removal from the 
material, they cause problems especially for biomedicine and electronic applications. 

In an attempt to overcome the low thermal stability issue, stoichiometric and non-stoichiometric 
acid-base mixtures have been investigated. In this work, five naturally occurring high thermal 
stability compounds have been selected: creatine, betaine, L-proline, nicotinic acid and taurine for 
the preparation of polyesters. 
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Sustainable polymers from native silicon 

Jordan L. Torgunrud, Aracelee M. Reverón Pérez, Emily B. Spitzberg, Stephen A. Miller, 
miller@chem.ufl.edu. Chemistry, University of Florida, Gainesville, Florida, United States  

Wide-ranging research efforts over the last several decades have pursued the conversion of 
organic, biobased feedstocks to sustainable polymers with the goal of replacing commodity 
plastics derived from fossil fuels. In their produced proportions, the six major commodity plastics 
are 77% carbon, 11% hydrogen, 8% chlorine, and 4% oxygen. This is incongruent with the 
elemental composition of the earth’s crust, which is mostly oxygen (47%) and silicon (28%), but 
only 0.02% carbon. Thus silica (SiO2), which comprises 59% of our terrestrial environment, is an 
ideal, but mostly ignored inorganic building block for the preparation of large-scale polymers. The 
conversion of silica to a chemically useful form has heretofore proceeded through carbothermal 
reduction of Si(IV) to Si(0) followed by oxidation back to Si(IV), an expensive and energy-
squandering process. We have demonstrated the direct conversion of native silica (non-redox 
silica) and biobased diols to discrete alkylorthosilicates, which can immediately function as 
monomers for polymerization, yielding polyalkylorthosilicates, a.k.a. organoglasses. An acid-
catalyzed alkylorthosilicate metathesis reaction has been confirmed and presents a novel 
pathway for polymerization. The incorporated alkylorthosilicate functionality in this novel family of 
polymers yields new polymeric properties and provides an opportunity for tuning these polymers 
toward facile environmental degradation. 

 
 

Paradigm for the direct conversion of native silicon (silica) to alkylorthosilicate monomers. Their 
polymerization yields novel thermoplastic polyalkylorthosilicates with desirable properties and pathways 
for benign degradation in the environment. 
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Bio-based acrylic plastics with performance and recyclability advantages 

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

Developing bio-based polymers that exhibit superior performance and higher recyclability relative 
to petroleum-based incumbents can encourage industry adoption and offset fossil carbon use. In 
this presentation, we will describe our recent work in the design of acrylic bioplastics that offer not 
only certain performance-advantaged properties but, perhaps more intriguingly, also enhanced 
chemical recyclability leading to clean monomer recovery, as compared to the most widely used 
acrylic plastic, poly(methyl methacrylate). Fundamental insights into favorable performance 
properties and better end-of-life options of such bio-based acrylic plastics will also be discussed. 
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Properaties and applications of glycerol (meth)acrylate polymers 

Eric W. Cochran, ecochran76@gmail.com, Shailja Goyal, Baker W. Kuehl, Michael J. Forrester, 
Andrew Becker. Chemical and Biological Engineering, Iowa State University, Ames, Iowa, United 
States  

Biobased materials are witnessing a prominent boom in research and commercialization due to 
increased awareness about the carbon footprint and depletion of petroleum resources. There has 
recently been an explosion in both renewable and bio-diesel demand, further adding to the well-
known glut of crude bio-glycerol. Biopolymers can improve sustainable energy and material 
needs of the world in the coming years. In this talk I will review various scalable (meth)acrylic 
polymeric materials that can be manufactured from the crude glycerol stream, ranging from 
heterogeneous mixtures of multifuncational glycerol acrylates to precisely defined glycerol ketals. 
Structure-property relationships and exemplary applications will be identified. 
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Streamlined synthesis of bio based triblock copolymers using a novel continuous flow 
reactor 

Louis Pitet, louis.pitet@gmail.com, Milan Den Haese. Chemistry, Universiteit Hasselt, Hasselt, 
Limburg, Belgium  

Block polymers with immiscible segments tend to self-assemble into well-organized 
nanostructures, which give rise to a variety of composition-dependent properties that are 
tremendously useful in a broad range of applications. For example, segmented ABA type block 
polymers are well-established as thermoplastic elastomers (TPEs). However, conventional TPEs 
are constructed from petroleum feedstocks. Furthermore, constructing critical structure-
composition-property relationships requires tedious synthetic procedures, with individual block 
polymer samples typically requiring resource-intensive batch reactions. This work describes the 
preparation and property profiles for a range of fully bio-based TPEs, generated from renewable 
monomers. A small library of polymers have been prepared in a streamlined manner. Utilizing a 
continuous flow polymerization reactor, we show that the composition of the final polymers can 
easily be adjusted in situ by manipulating the respective monomer feed rates. This is 
accomplished using a novel, scalable continuous flow reactor coupled with multiple, 
independently adjustable inlets to introduce multiple components. 
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Force-responsive aryl “-onium” salt initiated piezo free radical polymerizations 

Sarah Zeitler, szeitler@uw.edu, Progyateg Chakma, Matthew Golder. Chemistry, University of 
Washington, Seattle, Washington, United States  

Stimuli-induced polymerizations continue to gain interest as synthetic polymers become more 
desirable for materials, industrial, and medical applications. While traditional stimuli such as heat, 
light, and electrochemistry have been extensively studied, they still have shortcomings such as 
unwanted side reactions, lack of consistent penetrability, and the need for undesirable additives 
like difficult to remove metals and electrolytes. Additionally, large amounts of solvent and high 
thermal energy inputs are often required. Many of these shortcomings can be overcome by using 
force as a stimulus for polymerization. In particular, the use of piezoelectric nanoparticles enables 
force to initiate heat and metal-free redox reactions with little solvent thus making force an even 
more accessible and sustainable stimulus. 

Herein, we show various “-onium” salts can initiate free radical polymerizations of acrylates upon 
the introduction of various types of force in the presence of piezoelectric nanoparticles. These 
salts have demonstrated to be reactive with piezoelectric nanoparticles and useful in synthesizing 
high molecular weight polymers with relatively low dispersities. Furthermore, these 
polymerizations have been effectively carried out in both solid and solution states with multiple 
force sources, including ultrasound, ball milling, and vortexing. Preliminary data also indicates 
that force can be useful in developing new methods to crosslink materials. These new “-onium” 
initiated mechanoredox polymerizations unlock the possibility to better utilize force in synthesizing 
polymers and creating useful adaptable materials via sustainable methods. 
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Performance advantagted thermosets from bioderived amines: Benefits in manufacturing, 
performance, and end-of-life 

Nicholas Rorrer, nicholas.rorrer@nrel.gov, Caroline Hoyt, Avantika Singh, scott nicholson, 
Gregg Beckham. National Renewable Energy Laboratory, Golden, Colorado, United States  

Biomass derived monomers can offer unique functionality, often in the forms of heteroatoms, that 
is not easily accesible by routine petrochemical routes. Importantly, many of these monomers 
offer the potential to replace thhe petrochemical monomers used in the manufacture of 
thermosets to enable expanded functionality and performance. In the present work, we leverage 
amine containing monomers that can be obtained via biological conversions in both epoxy and 
benzoxazine thermosets. These monomers have a wide degree of cuntionality avaiable to them 
that augment the material propertties. In the case of benzozazines, monomers that contain both 
an amine and carboxylic acid are used and the presence of the carboxylic acid leads to an 
acceleration in cure kinetics and a dramatic reduction in cure temperature. For the epoxy 
thermosets, multifunctional amine monomers are used as a hardener and the properties of the 
resultant materials are found to scale with the spacing and identity between reactive centers. The 
amines can be further modified and reacted to produce a mixed network of triazines and epoxy-
amines that enables the end-of-life degradation of these materials. Importantly, subsequent 
process analysis reveals that the use of bioderiived amines can present dramatic reductions in 
both supply chain energy and GHG emissions while possessing a cost similar to their 
petrochemical counterparts. Overall, this work demonstrates the robust potential to use 
bioderived amines for performance advantagted properties. 

 
Overview figure of NREL's approach to performance advantagted bioproducts. 
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Preparation of self-catalytic epoxy vitrimers: Mechanical performance, adaptivity and 
recyclability 

Jinwen Zhang, jwzhang@wsu.edu. School of Mechanical and Materials Engineering & 
Composite Matrials and Engineering Center, Washington State University Voiland College of 
Engineering and Architecture, Pullman, Washington, United States  

Dynamic covalent network polymers can undergo the associative dynamic interchange reactions 
at elevated temperature to display a certain degree of adaptivity while retain the characteristics of 
crosslinked polymers. In addition, these materials also demonstrate a certain degree of 
malleability, improved repairability and chemical recyclability. 

Our group has made a great effort on developing catalyst-free or internally catalyzed epoxy 
vitrimers to address the potential problems in many of the early works where the anhydride curing 
agent is purposely kept stoichiometrically deficient and high concentration of catalysts is used. 
Our approach is to introduce self-catalysis into the reaction system, so both the curing of vitrimer 
and subsequent transesterification in the crosslinked polymers can take place without external 
catalysts. It is critical to maintain sufficient hydroxyls and ester linkages in the system to enable 
adequately fast DTER and hence decent adaptivity. We have demonstrated applications of 
catalyst-free epoxy vitrimers for composite matrix, room temperature coating and elastomeric 
materials. We have also investigated the simple and eco-friendly recycling of the epoxy vitrimers 
via hydrolysis or alcoholysis. 

 

 
Dynamic covalent interchange reaction 
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Synthesis of (co)poly(thio)ethers using earth-abundant aluminum-based compounds 

Robert C. Ferrier1, ferrier5@msu.edu, Niloofar Safaie3, Kohji Ohno2. (1) Chemical Engineering 
and Materials Science, Michigan State University, East Lansing, Michigan, United States (2) 
Materials Science, Osaka Furitsu Daigaku Kogakuiki, Sakai, Osaka, Japan (3) Chemistry, 
Michigan State University, East Lansing, Michigan, United States  

We present our recent work on the (co)polymerization of epoxides and episulfides using versatile 
aluminum-based catalysts and initiators. This polymerization platform is inexpensive, simple to 
use, solvent free, effective at mild temperatures, and provides control over polymer molecular 
weight, end group, and architecture through rational initiator design. Poly(thio)ethers with 
molecular weights up to 100 kg/mol and polydispersity < 1.3 were achieved through 
homopolymerization of epoxides or episulfides. The polymerization kinetics were studied via 1H 
NMR spectroscopy and were found to be first order with respect to monomer concentration, 
consistent with a living polymerization. Both block and statistical copolymers were demonstrated 
from various monomer pairs such as epichlorohydrin (ECH) and propylene oxide (PO) or PO and 
propylene sulfide (PS). Copolymer structure and composition were characterized via diffusion 
ordered spectroscopy (DOSY) and 1H and 13C NMR spectroscopy. Polymer end groups were 
determined by electrospray ionization with mass spectroscopy (ESI-MS) which revealed hetero-
bi-functional polymers. Finally, polymer end group and architecture were tuned through initiator 
design and ABA triblock co-polymers were synthesized. 
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Polyester block polymers as sustainable high-performance thermoplastic elastomers 

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

Aliphatic polyester block polymers that behave as thermoplastic elastomers can be prepared from 
straightforward sequential ring-opening transesterification polymerizations of cyclic esters. 
Poly(lactide) is an attractive hard block for these materials because of its ready availability, 
renewable origins, relatively high glass transition temperature, ability to crystallize in the isotactic 
form, and the capacity to be industrially composted. We have focused our work on the 
development of suitable low glass transition temperature, non-crystalline, soft midblocks that can 
also be synthesized from renewable resources and that are compostable. To that end, we have 
focused our attention on poly(4-methyl caprolactone). The monomer, 4-methyl caprolactone, can 
be prepared from cresols, which in turn can come from renewable lignin, in an economical 
manner and the corresponding polymer is industrially compostable. In this presentation I will 
discuss our recent efforts to prepare block polymers from these hard and soft components and 
focus on architecture control (e.g., triblocks, star blocks, and graft blocks), the influence of 
tacticity in the poly(lactide) segments, the ultimate properties of these thermoplastic elastomers, 
and the environmental fate in soils and compost.              
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Fully bio-sourced multiblock poly(ester-b-amide) thermoplastic elastomers: Synthesis and 
properties 

Henri Cramail1, cramail@enscbp.fr, Etienne Grau2, Christopher Costa1, Thierry Briffaud2, 
Quentin Pineau2. (1) Universite de Bordeaux, Talence, Aquitaine, France (2) Arkema SA 
Recherche et Developpement, Colombes, Île-de-France, France  

The aim of this work was to replace petroleum-based polyether soft block of multiblock 
thermoplastic elastomer (TPE) poly(ether-b-amide) Pebax®, produced by Arkema.  

First, dimerised fatty acids, i.e. Pripol (OH- or COOH-terminated) and Priamine (NH2-terminated), 
were respectively used as precursors of soft polyester and/or polyamide blocks with controlled 
sizes and chain ends while a series of PA-11 of controlled size end-capped either with COOH or 
NH2 moieties was acting as hard block. 

From these soft and hard precursors, fully bio-sourced poly(ester-b-amide) (PEsBA) multiblock 
copolymers were synthesised by bulk polycondensation in the presence of different catalysts. The 
structure-properties relationships of these multiblock copolymers could be investigated with 
respect to their molecular weight and the fraction of soft and hard blocks, respectively. The so-
formed segregated copolymers were fully analyzed in solution after derivatization (NMR, chemical 
titration) and at the solid state (DSC, SAXS, WAXS, AFM, TEM, DMA, tensile test); their 
mechanical properties were compared with those of Pebax®. Interestingly, variation in the 
process of polymerization allowed us to modify the multiblock copolymer morphology and to 
obtain original mechanical behaviors for this type of PA-based materials. 
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Greening unsaturated polyester resins using biobased materials: A billion dollar per year 
opportunity 

John R. Dorgan1,2, jd@msu.edu, Harshal Bambhania1, Bin Tan1. (1) Chemical Engineering and 
Materials Science, Michigan State University, East Lansing, Michigan, United States (2) National 
Renewable Energy Laboratory, Golden, Colorado, United States  

The global unsaturated polyester resin (UPRs) market is estimated to be USD 9.6 billion in 2021 
and projected to reach USD 12.9 billion by 2026. Accordingly, a 10% market penetration 
represents a billion dollar annual opportunity. Furthermore, using a rough estimate of ~1 USD/lb 
and ~2 kg CO2 emitted per 1 kg of virgin resin produced provides an estimate that UPRs are 
responsible for 10 million metric tons of CO2 emissions per year. Castable, reactive resins 
represent a fruitful area for both economic and environmental gains. 

UPRs are a broad class of materials with considerable variation in their formulations that enable 
them to serve in many applications. In general terms, they consists of about 24 wt% unsaturated 
polyester, about 2 wt% catalyst and pigments, and 74 wt% styrene. There are also acrylic based 
systems that share many features with UPRs; for example, polymethylmethacrylate (PMMA) may 
be disolved in methylmethacrlate (MMA) to made a castable resin. Again, in general terms, 30-40 
wt% PMMA is dissolved in MMA with 2 wt.% catalysts/cross-linking agents/additives. 

One important application of such reactive systems is in the manufacturing of engineering stone 
products. Engineered stone refers to artificially made, highly mineral-filled polymeric materials 
that are cast and hardened to form solids of various shapes having a wide variety of pigmentation 
and patterning. Engineered stone is utilized in the construction of countertops and sinks in both 
bathrooms and kitchens and more broadly for interior countertops and decorative surfaces. 

Here, we report on our newly developed castable and curable resin system containing 40 wt% 
biobased materials. Elementary embedded energy and GHG LCA calculations demonstrate 
marked improvement over existing materials and an ability to decrease costs relative to present 
generation materials. The new formulations have been tested and demonstrated to be suitable for 
making solid surfacing and other engineered stone products. 

 
Engineered stone products are one application area for greener reactive resin systems.  
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Dynamic, reactive, and selective – enabling catalyst designs for biodegradable polymer 
synthesis 

Jerome R. Robinson, jerome_robinson@brown.edu, Xiang Dong, Kerry C. Casey, Audra J. 
Woodside, Alexander M. Brown. Chemistry, Brown University, Providence, Rhode Island, United 
States  

Polymers play a central role in nearly every aspect of modern society, but the remarkable 
production volumes and slow environmental degradation of traditional polyolefins is contributing 
to one of the greatest environmental concerns for current and future generations. This continues 
to drive the search for more sustainable alternatives that not only meet the materials properties 
needed in current and future applications, but also deliver enhanced degradability and possible 
chemical recyclability. The ring-opening polymerization (ROP) of cyclic esters can provide access 
to biodegradable polymers with materials properties that can be tailored through appropriate 
catalyst design; however, a range of (co)polymers are challenging to access through traditional 
strategies. In this talk, I will share some of my group’s recent advances in the design of highly 
dynamic, reactive, and selective systems for the ring-opening polymerization of cyclic esters. 
Connections between catalyst structure and function and how this influences the resulting 
polymer structure and properties will be made, and the broader implications of such approaches 
in the synthesis of high-performance biodegradable polymers will be discussed. 
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Novel methods of modifying bio-based non-isocyanate polyurethanes to improve 
mechanical properties and reduce environmental sensitivity 

Maksim Makarov, Vincent Berthé, Laura Puchot Puchot, Pierre Verge, Alexander S. Shaplov, 
alexander.shaplov@list.lu, Daniel F. Schmidt. Materials Research and Technology Department, 
Luxembourg Institute of Science and Technology, Esch-sur-Alzette, Luxembourg, Luxembourg  

Polyurethanes (PU) are among the most versatile classes of polymers thanks to their remarkable 
properties, including good adhesion, flexibility, and durability. Despite these advantages, the use 
of isocyanates in the manufacturing of conventional PUs is a matter of growing concern because 
these compounds are harmful to humans and the environment, and people exposed to 
isocyanates can suffer short and long-term health issues. Among various proposed routes for 
non-isocyanate polyurethanes (NIPUs), the reaction of cyclic carbonate compounds with amines 
has recently attracted much attention due to the straightforward mechanism. However, the 
formation of secondary hydroxyl groups as a result of the ring opening of cyclic carbonate renders 
these materials highly sensitive to moisture. Here, we present a novel approach to address such 
issues in order to ensure the practical utility of the presented family of bio-based NIPUs. We 
confirm our ability to modify the chemical structure of NIPUs via NMR and IR spectroscopy as 
well as thermal analysis, and report on changes in thermomechanical, rheological and tensile 
characteristics as a function of relative humidity. Preliminary results show that these materials are 
less prone to moisture uptake, validating this approach to the engineering of safer polyurethane 
alternatives. 
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Covestro’s vision to become fully circular: Developing polymer products for industry 
based upon alternative raw materials 

Sharlene Lewis2, sharlene.lewis@covestro.com, Don S. Wardius1. (1) Group Innovation, 
Alliances, Covestro LLC, Pittsburgh, Pennsylvania, United States (2) Polyether Technology 
Development, Covestro LLC, Pittsburgh, Pennsylvania, United States  

Polyurethanes are versatile materials with a wide range of applications. Polyurethane-based 
insulation is widely used in the building and construction sector, and significantly enhances the 
energy efficiency of the building envelope, including large structures with flat roofs. Green 
chemistry challenges include to address the high embodied energy of the polyurethane 
components. Covestro is committed to offer sustainable solutions to all market sectors and to 
align its R&D portfolio to the UN Sustainable Development Goals. Circular economy of materials 
challenges the incumbent economic paradigm of take, use, discard, and there are significant 
product development challenges to be mastered to make materials less “linear” and more 
“circular”. Deriving feedstocks and chemical raw materials from biomass and biobased materials 
may be part of an answer. In this talk we will explore biobased polyurethanes, with particular 
emphasis upon approaches to increase the biobased content of polyols, and look at the 
challenges and opportunities for the development work and ultimately, industrialization. 
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Tunable non-isocyanate polyurethanes for next generation foams 

Timothy E. Long, telong@asu.edu, Jose I. Sintas, jsintas@asu.edu. Biodesign Center for 
Sustainable Macromolecular Materials and Manufacturing, Arizona State University, Tempe, 
Arizona, United States  

Recently, the Long group demonstrated the synthesis of non-isocyanate thermoplastic 
polyurethanes (NIPU) through the use of carbonyldiimidaozle functionalized diols, denoted bis-
carbonylimidazolide (BCI) monomers. These NIPUs displayed good mechanical properties while 
devoid of undesirable hydroxyl groups in the backbone that result from other isocyanate free 
methods. Reacting these BCI monomers with triamines in the melt resulted in foaming caused by 
the in-situ thermal decarboxylation of the BCI monomer. Pore architecture was readily tuned with 
surfactant concentration and monomer structure. Foam curing was controlled with either organic 
or organometallic catalysts to allow for sufficient mold filling and part encapsulation. Monomer 
structure was tuned to probe impacts on final part Tg, mechanical strength, and density. This 
novel CDI chemistry presents the potential for new structure-property relationships targeting high 
performance applications and safer engineering platforms for manufacturing, while 
simultaneously implementing green chemistry. The elimination of petroleum-derived solvent and 
increase in the versatility of the final polyurethane harmonizes BCI monomers with green 
chemistry. Current research focuses on understanding the fundamental structure-property 
relationships in the isocyanate-free CDI system, with an overarching goal of creating a more 
circular use for polyurethanes globally. 
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Biobased self-blowing polyhydroxyurethane foams: Improved synthesis, tunability of 
properties, and facile reprocessing 

Nathan S. Purwanto1, nathanp2@illinois.edu, Yixuan Chen2, John M. Torkelson1,2. (1) Materials 
Science and Engineering, Northwestern University, Evanston, Illinois, United States (2) Chemical 
and Biological Engineering, Northwestern University, Evanston, Illinois, United States  

Polyurethanes (PU) are an important class of commodity polymers, and about 60% of all PUs are 
produced as foams with commercial end-use applications. However, major challenges in the 
recyclability of PU products and the sustainability concerns associated with the use of 
isocyanates remain. Here, we address these challenges using non-isocyanate PU materials. 
Cyclic carbonate aminolysis presents a route to hydroxyurethane moieties, thus provides an 
approach towards non-isocyanate PU. Additionally, owing to the soft nature of thiol bases, they 
react with cyclic carbonates to liberate CO2 in the process. These competing reactions present a 
promising pathway to producing self-blowing polyhydroxyurethane (PHU) foams. However, most 
PHU foaming methodologies described in the literature involve fossil-based precursors that react 
in timescales that are infeasible for commercial adoption. Here, we use a chemorheological 
approach as a guide to synthesize self-blowing PHU foams rapidly by decoupling the competing 
reactions into two controllable steps. In this way, we greatly reduce the reaction time required for 
foaming. We then employ different non-food biobased precursors with various numbers of cyclic 
carbonate functionalities to demonstrate the versatility of this strategy to produce PHU foams in 
reasonable timescales. Additionally, our synthesis method is also suitable with common 
surfactants utilized in PU foaming production. Our formulations result in foams with open-cell or 
closed-cell morphologies and may be classified as flexible or rigid foams with tunable mechanical 
properties. Furthermore, we leverage the dynamic characteristics of hydroxyurethane bonds to 
provide end-of-life avenues by reprocessing the foams into uniform PHU films, which may be 
further reprocessed multiple times without loss of properties associated with the crosslink 
densities. 
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Predicting properties of biobased polyurethanes via hierarchical machine learning 

Newell Washburn, washburn@andrew.cmu.edu, Joseph Pugar, Calvin Gang. Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States  

Polyurethanes are a diverse class of material with applications as coatings, solid elastomers, 
flexible foams, and rigid insulating foams. Billions of pounds per year are produced through 
reactions between polyisocyanates and polyols, but these are primarily based on petroleum-
derived monomers. An important goal in chemical sustainability is maximizing the use of 
renewable feedstocks while maintaining the same material properties and performance. 
Hierarchical machine learning has been used as a design tool to model the properties of 
industrially relevant thermoplastic polyurethanes, and this talk will highlight the use of transfer 
learning to predict the properties of materials based on polyols from renewable resources. 

 
Polyurethane microstructure composed of phase-separate hard segment, which tend to aggregate, in a 
continuous matrix of soft segment. 
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Transition to circular chemicals and materials; what it takes to make it happen 

Peter Hermsen, peter.hermsen@innosyn.com, Michele Janssen, Marijn Rijkers. InnoSyn BV, 
6167 RD, Geleen, Netherlands  

The transition towards renewable feedstock in the frame of circular economy gets increased 
traction and offers exciting (business) development space in chemicals and materials. A prime 
example of this is the levulinic acid (LA) product tree, which provides access to a range of 
valuable biobased commodities, e.g., as g-valerolactone and 2-methyl tetrahydrofuran, and 
monomers such as adipic acid and caprolactam. See Figure attached. 

Woody biomass forms a versatile and abundant raw material, which is available at an attractive 
price and constant quality. Besides, levulinic acid, formic acid and char are obtained as co-
products, both of which add substantially to the value creation. Hydrogenation of levulinic acid 
yields g-valerolactone, which can be used as an industrial solvent or as constituent in cleaning 
applications. Alternatively, it has been converted into adipic acid in three steps. 

The LA product tree provides bio-based equivalents with a potential to replace fossil-based 
materials at a manufacturing cost price (at full industrial) scale which are at least on par with the 
latter. For this transition to take place significant development time, capital and assets are 
required. In our view, open innovation is indispensable to make this transition happen, with 
partners representing the entire value chains. 
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Towards greener resins for 3D printing 

Andrew P. Dove, a.dove@bham.ac.uk. Chemistry, University of Birmingham, Birmingham, 
Birmingham, United Kingdom  

3D Printing provides many opportunies for advanced materials synthesis. To date however, many 
of the photocurable resin systems that are in common use are based on petrochemical derived 
acrylic or epoxy-based chemistries. Despite this, the ability to create sustinably sourced materials 
would greatly enhance the sustainability and green chemical credentials of the materials in use in 
this sector. To this end, focussing on the application of sustainably sourced monomers in 
photocurable resins has been investigated for application in 3D printing. 
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Polymer materials for 3D Printing: green nanomaterials and composites 

Rigoberto C. Advincula1,2, rca41@case.edu. (1) Chemical and Biomolecular, The University of 
Tennessee Knoxville Tickle College of Engineering, Knoxville, Tennessee, United States (2) 
macromolecular science and engineering, Case Western Reserve University, Cleveland, Ohio, 
United States  

There is high interest in sustainable polymers and promoting a circular plastics economy even 
through upcycling. The emphasis is typically on the de novo chemistry of new polymer design and 
the use of lignocellulosic intermediates. This paper will emphasize on renewable nanomaterials 
and biobased feedstocks or derived natural raw materials for use in 3D printing and additive 
manufacturing (AM). AM has enabled the use of high volume of polymers and bio-inspired 
materials including cellulose nanocrystals (CNC) and cellulose nanofibers (CNF) for polymer 
nanocomposites. These materials improve thermo-mechanical properties and processability. In 
this talk, we will focus on the use of CNC derived from two sources: Abaca and coconut fibers. 
We will also focus on chitosan-derived cellulose materials (nanowhiskers and complex-surfactant 
additives). The mode of raw materials can be from processed pulp or directly from coconut coir. 
These nanofiller materials have been utilized in two types of applications: nanofiller materials for 
3D printed parts via stereolithographic apparatus (SLA) and the preparation of aerogels. Chitosan 
nanomaterials derived from chitin have advantages in terms of functional group interaction with 
electrostatic charge pairing. In SLA 3D Printing, they enable improved biocompatibility and 
complex materials-design development for biomedical applications. 
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4D bio-derived poly(β-Myrcene) inks for 3D printable redox-active materials 

Andrew C. Weems, weemsac@ohio.edu. Ohio University, Athens, Ohio, United States  

Green materials for manufacturing have risen to the forefront of public attention, provoked by the 
ongoing plastics pollution crisis and climate change. With these problems in mind, alternatives to 
the petroleum-derived and non-degradable plastics have gained substantial attention in the 
research spheres. Of the many industries and disciplines impacted by the need for alternative 
polymer solutions, additive manufacturing (AM) is one of the most important for consideration. For 
photopolymer resins and inks, there are no good alternatives available, despite natural products 
such as terpenes offering excellent functional handles for exploitation in photopolymer 3D 
printing. The terpene β-myrcene is presented here as a building block with which to develop 
elastomers, shape memory scaffolds, and organo-electronics. The role of poly(myrcene)’s 
composition and molecular architecture is explored as it relates to physical properties such as 
tensile behavior and rheology, which are further explored as they relate to 3D printing and 
processing. Finally, these materials are explored for use as redox-active polymers, leveraging 
stable organic radicals, and electrochemical properties are presented. The degradability and 
recycling potential is further shown. Ultimately, these materials are promising alternatives to other 
active polymers, providing a much needed bioderived, green alternative without adding to the 
plastics pollution crisis. 
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Chemical approach for the future of PLA upcycling: From old 3D printed wastes to new 3D 
printing materials 

Lin Shao1, lin.shao@wsu.edu, Yu-Chung Chang3, Cheng Hao4, Ming'en Fei2, Baoming Zhao2, 
Brian J. Bliss1, Jinwen Zhang2. (1) Materials science and engineering, Washington State 
University, Pullman, Washington, United States (3) Composite Materials and Engineering Center, 
Washington State University, Pullman, Washington, United States  

With the widespread application of 3D printing materials in real life, PLA-based 3D printing waste 
is increasing and needs to be disposed. We propose a simple chemical recycling method to 
convert PLA printed waste into a new 3D photocurable resin. The ester bond from PLA can be 
cleaved via aminolysis. The momomer derived from PLA aminolysis with defined structure was 
grafted by metharylic anhydride to gain double bonds for photo-curing purpose. Combining with 
reactive diluent and initiator, a photocurable resin was produced and printed into 3D parts with 
different structure. The resin can be fed into any commercially available Vat photopolymerization 
printer, and the printed parts possessess very competitive thermal and machamical performance. 
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Bio-based materials for optoelectronic applications 

Kenneth D. Singer1, kenneth.singer@case.edu, Richard A. Gross2, Kyle Peters1, Michael 
McMaster1, Shekar Makala2, Fei Liu2. (1) Physics, Case Western Reserve University, Cleveland, 
Ohio, United States (2) Chemistry and Biology, Rensselaer Polytechnic Institute, Troy, New York, 
United States  

Sustainable bio-based materials offer interesting opportunities for applications in optical and 
electronic applications. Not only do they offer the obvious advantages for the environment and 
sustainable future, but they also could provide for improved performance and novel applications. 
The broad array of bio-based chemistries as well as intriguing approaches to growth and 
assembly provide new vistas for these applications. Bio-based synthesis and assembly can be 
significantly more efficient than complex chemical methods providing for enhanced and lower-
cost manufacture and facile scale-up.  

We report on several projects related to two material classes. The first is bacterial cellulose mats. 
These mats are exuded by bacteria and form microfibrils that form a three-dimensional connected 
nanoscale membrane. The resulting mats provide the exceptional material properties of cellulose 
in a nanoscale network that is easily scaled. We have developed a method for producing ultra-
thin mats that are well-suited for optical and optoelectronic devices. We report on antireflection 
coatings on silicon substrates that have the potential to increase the efficiency of silicon solar 
cells. We have also fabricated electro-optic transparency switches in liquid crystal infiltrated mats 
of varying thickness, porosity, and surface energy and studied the physics of their phase 
transitions and switching behavior. 

We have also explored the self-assembly and optical properties of a novel series of sophorolipid-
functionalized porphyrin molecular structures. The building-blocks display a interplay among 
steric, pi-pi and hydrogen bonding interactions, the latter of which results in helical polymers. 
Structural modifications were observed to finely tune the self-assembly. Spectroscopic studies 
show that helical supramolecular structures form by strong carbohydrate hydrogen-bonding 
interactions. Modification of the sophorolipid hydrocarbon chain was observed to reverse the 
helicity. Finally, it was observed by temperature-dependent UV/vis absorption and circular 
dichroism that helical supramolecular polymerization proceeds through a cooperative mechanism 
of self-assembly. 
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Preparation of itaconic acid-derived bionylon having degradation switch 

Tatsuo Kaneko, kaneko@jaist.ac.jp, Maiko Okajima, Mohammad Asif Ali, Maninder Singh, 
Hongrong Yin, Kenji Takada. Hokuriku Sentan Kagaku Gijutsu Daigakuin Daigaku Materials 
Science, Nomi, Ishikawa, Japan  

Plastic wastes scattered over earth environments are causing ecological damages. Ghost fishing 
is unexpectedly happening to catch marine creatures by fishing gears such as nets or long lines 
lost, dumped, or abandoned, without anyone profiting from the catches. If the drifting fishing 
gears automatically corrode and disappear by natural function under marine environment, such a 
tragic problem will be solved. 

We developed a BioNylon which is durable at use but are disintegrated under external stimuli 
such as sun-light irradiation, sea water, and/ormicroorganism action, by using a diacidic 
biomonomer itaconic acid (IA) which is a multifunctional biomolecule mass-produced by 
fermentation. We used salt-monomers composed of IA and various diamines. These salts were 
thermally polycondensed into polyamides in the presence of sodium dihydrogen phosphate after 
aza-Michael addition, to create a pyrrolidone ring in the polymer main-chain (Fig). The 
polyamides with molecular weights ranging over 28 000 showed high thermal and mechanical 
performances. In addition, the polyamides gradually became hydrophilic to disintegrate by 
increasing the degree of ring-opening reaction of the pyrrolidone (Fig). The ring-opening reaction 
was induced by sea water and enhanced under ultra-violet irradiation, which is very important for 
development of environmentally-disintegrating fishing gears to avoid the ghost-fishing. Moreover 
our researches are extended to clarify the low toxicity of oligomers formed in the process of 
degradation. 

 
Synthetic scheme of itaconic acid-derived BioNylon and its disintegration behavior under ultra-violet 
irradiation. 
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Bioinspired biobased strong autonomic self-healing elastomers 

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

Biobased components are ubiquitously conceptualized in the space of recently developed 
bioinspired and biomimetic materials. In this regard, organic polymer chemistry enables us to 
tune the properties and functions of such materials that are essential for daily life. Inspired by 
Nature, synthetic self-healing polymer materials can improve product safety, increase service life, 
increase energy efficiency and reduce environmental impact. For sustainable development, it is 
necessary to promote renewable and eco-friendly biobased materials with self-healing properties, 
especially those derived from common biobased components such as natural rubber, plant oil, 
cellulose and furan. In this presentation, we focus on a class of biobased polyamide elastomers 
as strong autonomic self-healing materials. A high density of hydrogen bonds, chain 
entanglements, and rigid crystalline domains provide these elastomers with high tensile strength 
(21.4 MPa) and high toughness (37.5 MJ/m3). The coexistence of a dynamic H-bonding network 
and olefin cross-metathesis in the amorphous matrix dictates the outstanding autonomic self-
healing behavior with ∼100% scratch recovery. 
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Electrofabrication to control the hierarchical assembly of biological polymers 

Gregory F. Payne, gpayne@umd.edu. Institute for Bioscience and Biotechnology Research, 
University of Maryland at College Park, College Park, Maryland, United States  

Biology often creates complex material systems by controlling the hierarchical organization of 
polymers. Currently, we do not have the technical abilities to fabricate material assemblies with 
such controlled hierarchical structures and functions. We are collaborating with various groups to 
understand how imposed electrical signals can be used to guide the formation of hydrogel 
structure and function. 

Initial studies demonstrated that imposed electrical inputs (typically < 2 V for a few minutes) can 
induce the formation of hydrogels from stimuli-responsive self-assembling biopolymers. One 
common mechanism involves electrolysis reactions that lead to spatiotemporally localized pH-
changes that induce pH-responsive polymers (e.g., chitosan) to undergo gelation at the electrode 
surface. More recent studies demonstrate that the electrical field imposed at the electrode 
provides the forces to induce the movement and alignment of the assembling chains and thus 
control the emergent hierarchical structure. On-going experimental research is expanding the 
capabilities of electrofabrication while recent modeling efforts aim to understand how the coupling 
of pH gradients and electrical fields can be tuned to control structure. 

Biology often introduces covalent crosslinks to biopolymers through oxidative mechanisms. 
Recently, electrochemistry has been used to generate diffusible oxidants and electrophiles to 
induce crosslinking and conjugation. In some cases, the electrochemically-generated oxidants 
serve as mediators that induce crosslinking without being incorporated into the matrix, while in 
other cases, the electrochemically-generated oxidant (e.g., quinone) is grafted into the 
biopolymer matrix. 

We envision that electrofabrication will emerge as an additive manufacturing platform especially 
well-suited for renewable biological materials. 
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Macromolecular materials from lignocellulosic and oilseed biomass 

Elisabete Frollini, elisabete@iqsc.usp.br. Sao Carlos Institute of Chemistry, Universidade de 
Sao Paulo, Sao Paulo, São Paulo, Brazil  

Seeking to meet as much as possible the requirements of green chemistry, research has been 
developed targeting processes that enable the use of reagents that are mostly obtained from 
renewable sources and that allow the absence of catalysts and solvents. In this context, 
lignocellulosic fibers, as sisal, and their main components, cellulose and lignin, together with 
oilseeds, such as castor and soybean oil (epoxidized), Figure 1, have been used as raw materials 
in syntheses in which simultaneously films or composites fiber-reinforced are formed. Hydrogels 
formed from the deconstruction of lignocellulosic fibers have also been investigated. Regarding 
the films, they have been formed from the synthesis of biobased polyurethanes, with or without 
additives, targeting properties, including biocompatibility and antimicrobial, that can potentially 
lead to a wide range of applications. Syntheses of bio-based polyurethanes or epoxy resins, with 
the respective reagents previously mixed with the reinforcing agents (short lignocellulosic fibers 
or mats), have been carried out in molds under temperature and compression aiming at the 
formation of composites with good properties, with emphasis on impact and flexural strength. 
These studies are ongoing, but many promising results have already been obtained. 

 
Lignocellulosic and oilseed biomass  
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Well-defined lignin-based functional polymers 

Hoyong Chung, hchung@fsu.edu, Sundol Kim. Chemical and Biomedical Engineering, Florida 
A&M University-Florida State University College of Engineering, Tallahassee, Florida, United 
States  

Lignin is an abundant plant-based biopolymer that has high concentration of aromaticity which 
enhances mechanical and thermal properties. The production of lignin is primarily from a paper 
industry, where it is disposed of as an unwanted byproduct. In addition to its abundance and 
inexpensive supply, lignin is favorable for its numerous attractive properties, such as 
biodegradability, antioxidant activity, high carbon content, high thermal stability, and stiffness. 
These important features of lignin can be synergistically combined with the advanced 
functionalities of well-defined poly(ethylene brassylate) via covalent bond linkages. The lignin-
based polymer is prepared by two steps: lignin modification to covert hydroxyl group and covalent 
linkage of lignin and poly(ethylene brassylate). However, there was a serious concern about the 
linearity of the proposed lignin-based polymers due to lignin’s multiple hydroxyl reaction sites that 
lead uncontrolled crosslinking. The highly crosslinked polymer does not show thermoplasticity, 
and therefore is disadvantageous for scalable thermal processing. The talk will discuss solutions 
of this concern. During the initial lignin modification, the unwanted hydroxyl groups on lignin can 
be deactivated by capping agents (Figure 1). Then, only very small numbers of hydroxyl group 
remain in the lignin to avoid unwanted crosslinking. The resulting graft copolymer, poly(lignin-
graft-poly(ethylene brassylate)) shows highly controllable thermal properties revealing 
thermoplastic behavior. In conclusion, the number of carboxylic acids on the modified lignin is 
finely tuned to yield the low crosslinked (or linear) polymer required to achieve the desired 
thermoplastic properties. 

 
Figure 1. Illustration of new lignin modification method for low crosslinking of lignin-based graft 
copolymers.  
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Mechanically tunable and recyclable lignin thermosets via “click” chemistry and surface 
functionalization 

Yishayah Bension, yishayah@gmail.com, Leman Kurnaz, Chuanbing Tang. Chemistry, 
University of South Carolina System, Columbia, South Carolina, United States  

Among the most abundant biomass, lignin is a prime feedstock to make sustainable materials. 
The polyphenolic structure and globular shape of lignin makes it a mechanically weak material to 
incorporate in polymer composites. Upon surface modification with functionalized groups, lignin 
can be crosslinked to create sustainable thermosets. These thermosets exhibit not only enhanced 
mechanical properties but also improved degradability. The first section of this work focuses on 
the synthesis of different crosslinkers to explore the structure-property relationship. Altering the 
crosslinking density and size of crosslinkers has a large impact on the hardness of the final 
materials. The second part describes the chemical recycling of these thermosets and their 
conversion back to initial motifs under acidic or basic environments. 
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Synthesis and characterization of semi-aromatic biobased polyesters exhibiting diverse 
mechanical properties 

Ryan K. Maynard, ryankristopherm@gmail.com, Demichael D. Winfield, Jason J. Locklin. 
University of Georgia, Athens, Georgia, United States  

In this study, we describe a series of semi-aromatic polyesters prepared from coumaric, ferulic 
and sinapic acids that exhibit diverse mechanical properties. AB monomers were synthesized 
through the reaction of the phenolic alcohol with cyclic carbonates. Each of these starting 
materials can be derived from lignin and other biosources. The total synthesis was evaluated 
using Ecofactor and E-scale which suggests that these reactions are exceptionally eco-friendly. 
Polycondensation of these monomers yielded semicrystalline and amorphous polymers with a 
diverse range of properties including ductile thermoplastics, strong and rigid thermoplastics, and 
a series of thermoplastic polyester elastomers with shape memory, of which there are few 
biobased examples reported. The mechanical properties of the polymers varied, with strain at 
break ranging from 0.6% to 950% and Young’s moduli ranging from 2.8 MPa to 2400 MPa. 
Subsequent composting respirometry studies were performed on a several of these polyesters 
showing both degradable and nondegradable polymers that may provide a guideline for 
backbone architectures designed for compostability. 
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Polyhydroxyalkanoates as organic recyclable food packaging materials 

C. Prieto1, A.O. Basar1, C. Marcoaldi1, M. Pardo1, L. Cabedo2, Jose M. Lagaron1, 
Lagaron@iata.csic.es. (1) Novel Materials and Nanotechnology, Consejo Superior de 
Investigaciones Cientificas, Valencia, Valencia, Spain (2) Universitat Jaume I Escola Superior de 
Tecnologia i Ciencies Experimentals, Castello de la Plana, Comunitat Valenciana, Spain  

Among the different compostable biopolymers available, biopolyesters are today the most widely 
used biopolymers, since they have balanced physical properties and can be processed with 
conventional plastic equipment. In this context polyhydroxyalkanoates (PHAs) have attracted a 
great deal of attention. 

PHAs are a family of naturally occurring thermoplastic polyesters synthesized by a wide range of 
microorganisms, as carbon and energy reserve materials accumulated in intracellular granules, 
under metabolic stress conditions. The use of mixed microbial cultures (MMCs) technology for 
PHA production using biowastes as feedstock is considered one of the most promising 
technologies to develop biopolymers that can be compatible with Circular Bioeconomy strategies, 
having in mind organic recycling as end-of-life scenario. PHAs are fully biodegradable even in 
marine environments and have good barrier properties, best in the biopolyesters family, but suffer 
from excessive rigidity and narrow processing window. Latest research efforts are new focussing 
on the development of less crystalline with better balanced in terms of tensile strength and 
stiffness, such as PHBV derived from food waste, which have higher 3HV contents than 
commercially available grades. 

This conference paper will present several case studies developed by our research team where 
PHAs from different origins have been utilized in combination with other biopolymers and 
nanomaterials to substitute traditional petroleum derived polymers processed either by traditional 
melt compounding strategies and by innovative disruptive processing technologies such as high 
throughput electrohydrodynamic processing. 
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Processing and structure analysis of marine degradable fibers with elasticity from 
poly[(R)-3-hydroxybutylate-co-4-hydroxybutylate] and evaluation of their environmental 
water degradability 

Tadahisa Iwata, atiwata@mail.ecc.u-tokyo.ac.jp. Tokyo Daigaku, Bunkyo-ku, Tokyo, Japan  

The global warming, depletion of fossil fuels, and environmental pollution by non-degradable 
plastics are major concerns of the world. For solutions of these problems, biomass-based plastics 
produced from renewable carbon sources as sugar, plant oil, and wood biomass, and 
biodegradable plastics that are completely degraded to water and carbon dioxide by the action of 
microorganisms should be developed for establishment of sustainable material society. Marine 
degradable fibers with both strength and elasticity were successfully fabricated by a new melt-
spinning method from P(3HB-co-16mol%-4HB) that is one of microbial polyesters. Polymers was 
melted at the temperature lower than melting temperature to leave thick lamellar crystals and 
obtained fibers were stretched at room temperature. The molecular weight of fibers processed by 
this new melt-spinning method remained unchanged, suggesting that this new melt-spinning 
method is very effective for PHA, which has low thermal stability under the melting process. The 
obtained fibers have tensile strength of over 200 MPa and elongation at break of ca. 200% that 
are comparable to those of non-biodegradable elastic fibers processed from Polyethylene and 
Polypropylene. The elasticity is generated by changing the molecular structures of tie molecules 
between lamellar crystals and the free molecular chains in amorphous regions around stacked 
lamellae from helix structure to planar zigzag one. It was confirmed that these fibers were 
completely degraded by both seawater from Tokyo-Bay and freshwater from Sanshiro-Pond less 
than one month, and furthermore periodic stacked lamellar structures of ca. 0.5~1.0 mm that are 
consisted by at least 100 lamellae were confirmed by SEM observation. It was revealed that 
P(3HB-co-16 mol%-4HB) becomes high-performance biodegradable fibers with excellent 
mechanical properties and marine biodegradability. 

 
Elastic Fiber of PHB4HB and its marine biodegradability  
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Scalable stereosequence-controlled polymerization of O-carboxyanhydrides to prepare 
strong, ductile and resilient poly(α-hydroxy acids) 

Xiaoqian Wang, Rong Tong, rtong@vt.edu. Chemical Engineering, Virginia Polytechnic Institute 
and State University, Blacksburg, Virginia, United States  

Despite the degradability and biocompatibility of poly(α-hydroxy acids), their utility remains limited 
because their thermal and mechanical properties are inferior to those of commodity polyolefins, 
which can be attributed to the lack of side-chain functionality on the polyester backbone. Attempts 
to synthesize high-molecular-weight functionalized poly(α-hydroxy acids) from O-
carboxyanhydrides have been hampered by scalability problems arising from the need for an 
external energy source such as light or electricity. Herein, we report an operationally simple, 
scalable method for the synthesis of stereoregular, high-molecular-weight (>200 kDa) 
functionalized poly(α-hydroxy acids) by means of controlled ring-opening polymerization of O-
carboxyanhydrides mediated by a highly redox reactive manganese complex and a zinc-alkoxide. 
Mechanistic studies indicated that the ring-opening process likely proceeded via the Mn-mediated 
decarboxylation with alkoxy radical formation. Gradient copolymers produced directly by this 
method from mixtures of two O-carboxyanhydrides exhibited better ductility and toughness than 
their corresponding homopolymers and block copolymers, therefore highlighting the potential 
feasibility of functionalized poly(α-hydroxy acids) as ductile and resilient polymeric materials. 
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Journey of going waterborne: Advances in reducing preservatives from low VOC coatings 

Erica A. Frankel, erica.frankel@gmail.com. Dow Chemical Co Collegeville, Collegeville, 
Pennsylvania, United States  

Architectural coatings have undergone a myriad of technological advances over the last few 
decades. One of the most recognizable changes in the coatings industry is the transition from 
solvent-borne to waterborne formulations and the continued reduction in the volatile organic 
content (VOC). Although these modifications have led to the significant reduction in VOC 
released into the environment, this journey is not over for paint formulators. Traditionally, 
waterborne house paints have been met with performance challenges that required small 
molecule additives to match the performance metrics in solvent-borne systems. While many of 
these additives are considered innocuous, some examples could include the use of potential 
materials of concern such as alkylphenol ethoxylates (APEOs) and/or PFAS additives to provide 
the surface properties which today’s consumers demand. This is in conflict with the drive to 
remove materials of concern in today’s products. Moreover, the transition to waterborne has 
required the need for preservatives in raw materials and fully formulated paint to extend shelf life. 
Once well controlled by a toolkit of small-molecule biocides, the need for alternative preservation 
techniques has been accelerated due to recent European restrictions on isothiazolinones in 
architectural coatings and other consumer products that has limited the use of these biocides to 
less than 15 ppm. This presentation will review the everchanging constraints placed on 
waterborne, low VOC coatings with specific attention to how Dow Coating Materials is pursuing 
alternative preservation techniques for their raw materials portfolio. By creating an environment 
inhospitable to microbial growth, we show that we can achieve robust, microbially resistant raw 
materials at neutral pH. This research supports how chemistry remains at the forefront of 
innovation as regulations in architectural coatings continue to evolve. 
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Physical and chemical properties of biocarbon and its effects on the thermal processing of 
bioplastics 

Cecily Ryan, cecily.ryan@montana.edu, Seth Kane. Mechanical & Industrial Engineering, 
Montana State University, Bozeman, Montana, United States  

Biobased and biodegradable plastics are a promising option to reduce the environmental impact 
of plastics used in a variety of industries such as consumer electronics, automotive, aerospace, 
construction, and medical. However, application is currently limited by the high cost of these 
materials and the required range of material properties. Filler materials can be added to 
bioplastics to reduce the weight and cost and improve the material properties such as stiffness 
and thermal stability. Of particular interest are carbon-filled (e.g., carbon black) plastics. These 
fillers are currently used in a broad range of applications, from colorants to high-end electronics. 
However, common carbon fillers are undesirable to add to biodegradable plastics as they are not 
amenable to typical end of life scenarios. This talk will focus on our group’s efforts to advance the 
material properties of biochar (biocarbon), a carbon material produced from the pyrolysis of 
biomass, as a functional filler in bioplastics. This work has a particular focus on electrical 
conductivity and composite thermal stability with ultimate application in 3D printing biobased, 
biodegradable, conductive plastic composites. Work to link physical and chemical properties of 
the biochar to the overall thermal stability and conductivity of the composites will be presented 
along with biochar process modifications that enhance these properties. Preliminary processing 
results as fused deposition modeling filaments will also be presented. 
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Selective new pathways to polysaccharide-based block copolymers 

Kevin J. Edgar1,2, kjedgar@vt.edu, Junyi Chen3, Jeffrey E. Thompson2. (1) Sustainable 
Biomaterials, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United 
States (2) Macromolecules Innovation Institute, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States (3) Polymer Science & Engineering, Qingdao University, 
Qingdao, Shandong, China  

Block copolymers can be remarkably useful materials. They can form new materials with 
properties that combine those of the blocks, can possess different propoerties based on 
geometry, and often can serve to compatibilize two polymers that would otherwise form domains 
of a size that limits properties and utility. Major challenges impede preparation of polysaccharide-
based block copolymers. Polysaccharides have hundreds or thousands of reactive sites (e.g. 
hydroxyls, carboxyls) that are both chemically non-equivalent, and poorly reactive (narrow 
approach angles, slow diffusion of large molecules). Thus selectively reactiing at a particular site 
in order to prepare block copolymers of controlled structure is an enormous challenge. As a 
result, development of selective modification chemistries for polysaccharides can open up new 
avenues to previously inaccessible, highly useful materials. We report in this work several 
examples of selective chemical methods we have developed, or further exploited, for synthesis of 
polysaccharide-based block copolymers. These include halogenations, oxidations, metatheses, 
and coupling reactions based on polysaccharides or their readily available derivatives. We show 
how these selective chemistries permit rapid, efficient syntheses of new classes of block 
copolymers based on natural, renewable, benign, and abundant polysaccharides, and we discuss 
some of their useful properties. 
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Awesome polymers from birch bark 

Joseph F. Stanzione1,2, stanzione@rowan.edu, Melissa B. Gordon3, Lindsay Soh3, James A. 
Newell1, Kirti M. Yenkie1. (1) Chemical Engineering, Rowan University, Glassboro, New Jersey, 
United States (2) Advanced Materials & Manufacturing Institute (AMMI), Rowan University, 
Glassboro, New Jersey, United States (3) Chemical and Biomolecular Engineering, Lafayette 
College, Easton, Pennsylvania, United States  

Birch tree barks are regarded as waste in the pulp and papermaking industry and used primarily 
as fuel. However, this material presents a source that contains many bio-derived molecules 
suitable for applications ranging from pharmaceuticals, plastics and composites, coatings, and 
antifeedants. Among the mixture of bio-derived molecules in birch barks, triterpenoids, such as 
betulin, betulinic acid, and lupeol, can be present up to 30% by weight of dry bark mass. They are 
highly valued for their anti-tumor, HIV, and inflammatory responses. Furthermore, birch barks 
also contain various other useful bio-derived molecules and derivative thereof, such as but not 
limited to, lignin, holocellulose, and suberin. In our presented work, birch bark extracts were 
produced from locally sourced river birch trees (Betula nigra) with an average yield of 10.6% (dry 
bark mass) and characterized via spectroscopy, chromatography, and hydroxyl number titration 
techniques. The extracts were directly used to synthesize bio-based thermoset polyesters with 
promising thermal and mechanical properties using minimal processing steps. Furthermore, 
thermoplastic polyesters containing betulin were synthesized using a melt polycondensation 
procedure with succinic acid, adipic acid, 1,12-dodecanedioic acid, 1,18-octadecanedioic acid, 
and itaconic acid. Additionally, glycerol was used for the formation of crosslinked betulin-based 
thermosets. All created bio-based polyesters were characterized via thermo-mechanical, 
mechanical, thermogravimetric, and chromatography (where appropriate) techniques to gain a 
fundamental understanding of the processing-structure-property relationships of these unique bio-
based polymers. In addition to the lab-scale synthesis of these bio-based polyesters, we have 
also studied the economic viability and process scalability of value-added materials from birch 
bark. All-in-all, this work demonstrates the technical and commercial viability of utilizing birch bark 
derived molecules to prepare polyesters with potentially 100% bio-based content for a variety of 
applications. 

 
Awesome Polymers from Birch Bark  
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Biobased plasticizers for poly(vinyl chloride) 

Bob A. Howell, bob.a.howell@cmich.edu. Center for Applications in Polymer Science/ 
Department of Chemistry, Central Michigan University, Mount Pleasant, Michigan, United States  

Poly(vinyl chloride) [PVC] is the third largest volume polymer used around the world. It has 
unique properties that make it valuable for both rigid and flexible applications. Because of its 
polar character and strong interchain interactions, PVC requires strong plasticization for many 
uses. Traditionally, esters have been the most common and effective plasticizers for PVC. 
Phthalate esters have been the most prominent. In particular, di-2-ethylhexyl phthalate [DEHP] 
has been widely used. However, DEHP and other phthalates leach from polymer matrices into 
which they have been incorporated and enter the environment (it has been suggested that DEHP 
is the compound most widely distributed in the environment and may be found the remotest parts 
of the world). Consequently, phthalates are common environmental contaminants to which the 
human population has suffered widespread and prolonged exposure. Human exposure to 
phthalate esters may lead to lead to a number of disease states, many arising from endocrine 
disruption. As a consequence, the development of new, effective and nontoxic plasticizers for 
PVC is an area of interest and activity. Plasticizers derived from abundantly-available, nontoxic 
biosources are particularly attractive. Prominent among these have esters of tartaric acid and the 
furanics. Esters of hyperbranched poly(ester)s produced from two biomonomers, glycerol and 
adipic acid, are particularly effective as PVC plasticizers. Using the Martin-Smith model for the 
selection of appropriate ratios of starting materials, these polymers may be produced in a single 
step and high momoner conversion without gelation but with defined molecular weight, structure 
and endgroup functionality. The endgroups may be capped as esters to generate effective 
plasticizers. Plasticizer efficiency is enhanced by the hyperbranched structure of the materials. 
These materials display good compatibility with a PVC matrix, very effective plasticization, and 
low tendency for migration. 

 
Glycerol/Adipic Acid Hyperbranched Poly(ester) 
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Acrylic binder and formulation design for elastomeric cool roof coatings 

Jessica Levin, JRLevin@dow.com, George Daisey, Joseph Mallardi, Katherine C. Elbert, Mark 
Westmeyer. Construction Chemicals, Dow Chemical Co Collegeville, Collegeville, Pennsylvania, 
United States  

Low slope, or flat roofs, are common in commercial buildings, and residential high rises and 
townhouses located in urban centers worldwide. The Lawrence Berkeley National Laboratory 
estimates that these roofs are irradiated by ≈1000 watts of sunlight per square meter on a clear 
summer day at noon. Flat roofs that are non-reflective or dark in color, such as those coated in 
asphalt, strongly absorb this radiation, causing a rise in temperature in the building itself and the 
air over the roof. As a result, the roof can increase energy demand to cool the building it shelters. 
Further, by reflecting heat to the atmosphere and increasing the local temperature, the roof also 
can contribute to global warming and the urban heat island effect. One strategy to reduce the 
impact the roof has on local temperature is to apply an elastomeric cool roof coating (ERC), a 
white or near-infrared reflective coating. Instead of absorbing the sun’s radiation, a cool roof 
reflects the light, thereby causing local cooling through this emission. ERCs are composed of 
many ingredients, including water, white reflective pigment (titanium dioxide), filler, acrylic binder, 
coalescent, surfactant, dispersant, thickener, and biocide. The ERCs are formulated for 
performance under local weather conditions as well as for durability. A key contributor to ERC 
performance is the acrylic binder. In this presentation, we focus on the evolution of the acrylic 
binder design to maximize the sustainability of ERCs. Herein, we discuss efforts to remove 
materials like alkylphenol ethoxylates (endocrine disruptors) and zinc oxide (potential aquatic 
toxicity) from ERC acrylic binders and formulations, as well as improve the binder performance to 
support the implementation of cool roofs in the United States. We also briefly consider how these 
approaches can be leveraged for cool walls and pavements. 
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Highly biobased latex adhesives from plant-oil derived monomers and isobornyl 
methacrylate 

Bohdan Domnich1, dbogdan2507@gmail.com, Vasylyna Kirianchuk2, Oleh Shevchuk2, Andriy 
Voronov1, Stanislav Voronov2. (1) Coatings and Polymeric Materials, North Dakota State 
University, Fargo, North Dakota, United States (2) Organic Chemistry, Nacional'nij universitet 
L'vivs'ka politehnika, L'viv, Lʹvìvsʹka, Ukraine  

Commercial polymer adhesives from petroleum-derived monomers show outstanding 
performance by providing tackiness and high adhesive strength, most of them are abundant and 
usually non-expensive. Nonetheless, their price is constantly increasing due to fossil feedstock 
depletion, as well as their harm caused to the environment and human health can be substantial. 
Those concerns push chemists toward the search for greener polymer adhesives alternatives, 
including highly biobased polymers. 

In this study, latex adhesive candidates were synthesized using two monomers derived from 
natural resources - isobornyl methacrylate (IBOMA) and plant oil-based acrylic monomers 
(POBMs). POBMs are structurally esters of N-hydroxyethyl acrylamide and plant oil fatty acids 
yielding homopolymers with Tg in a range of -80 to -90°C. Particularly, monomers differing by 
unsaturation degree of fatty acids fragments, high-oleic soybean oil-based monomer (HOSBM), 
and camelina oil-based monomer (CMM) were used to serve as soft adhesive fragments. IBOMA 
homopolymers show high Tg (in a range of 170-180°C), this fragment is expected to serve as a 
rigid counterpart in adhesives we synthesize. 

Since the aqueous solubility of both POBMs and IBOMA is very low mini-emulsion polymerization 
process was applied as a technique known to be used for latex synthesis from highly hydrophobic 
monomers. The ratio between HOSBM/CMM and IBOMA was varied, with overall biobased 
content of 80 wt.%. 20 wt% of butyl acrylate (BA) was used to increase the tackiness. Total 
monomer conversion, latex particle size, latex polymers molecular weight, PDI, and Tg were 
determined for the synthesized latex polymers. Adhesive performance of selected latexes was 
assessed on paperboard substrate using 180° T-peel test. Furthermore, contact angles 
measurements and contact angle hysteresis were determined to access correlation between the 
substrate wettability by latexes and adhesives performance. 

In summary, highly biobased adhesives from POBMs and IBOMA show promise as alternatives 
to be applied in food packaging and products in close contact with humans. 

 
a) latex adhesive appearance; b) 2 paperboard 
substrates bonded by adhesive; c) 180-degree T-peel 
test, adhesive strength measurement  
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Sustainable poly(ester-amide)s derived from glycolide with high ductility and low gas 
permeability 

Yoon-Jung Jang, sg99037@gmail.com, Leire Sangroniz, Marc A. Hillmyer. Chemistry, 
University of Minnesota Twin Cities, Minneapolis, Minnesota, United States  

Sustainable gas barrier materials, such as polyglycolide, polylactide, and poly(ethylene 2,5-
furandicarboxylate) (PEF), are an important class of alternatives to traditional plastics used for 
packaging where barrier properties are important. Although high degrees of crystallinity allow 
these polymers to have low gas permeability, that feature can also compromise the material 
toughness that is desirable in numerous applications. In this work, we designed poly(ester-
amide)s exhibiting both high toughness and desirable gas barrier properties. In particular, 
sustainable poly(ester-amide)s were synthesized from glycolide-derived diamidodiols and diacids. 
To understand the structure-property relationships of polyesteramides, polymers with different 
alkyl chain lengths were compared with respect to thermal, mechanical, and gas barrier 
properties. As the number of methylene units between ester groups increased, the melting 
temperatures decreased and oxygen permeability increased. Notably, these poly(ester-amide)s 
have competitive oxygen and water vapor permeabilities compared to commercial polymers such 
as poly(ethylene terephthalate) (PET) and poly(L-lactide) (PLLA). We also found that the polymer 
was hydrolytically degradable under suitable conditions when heated in water or exposed to acid 
or base. The development and understanding of sustainable poly(ester-amide)s derived from 
glycolide provides an avenue for new sustainable gas barrier materials comparable to current 
petroleum-based plastics. 
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Use of polymers to improve water quality by removing soluble pollutants 

Januka Budhathoki-Uprety, bjanuka@gmail.com, Meghan Lord. Textile Engineering, Chemistry 
and Science, NC State University, Raleigh, North Carolina, United States  

Clean water is vital to our health and sustainable environment. About 26% people still lack access 
to safe drinking water. One of the main reasons that has stymied from access to clean and safe 
drinking water is water pollution. Release of hazardous chemicals and materials to the water 
resources cause severe water pollution and make water unsafe to drink/use for household 
purposes. Besides, water pollution causes adverse impact to the environment. Polymeric 
materials have great potential to remove such contaminants effectively from water resources and 
keep water clean. This talk will focus on development of a synthetic polymer to enable removal of 
environmental pollutants, such as synthetic dyes, from water to improve water quality for human 
health and well-being and sustainable environment. 

 
Polymer removes dyes from aqueous solution. 
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Biomimicy and green chemistry in the design of biopolymers for the circular economy 

John C. Warner1,2, john@johnwarner.org. (1) Exploration and Discovery, Zymergen Inc, 
Cambridge, Massachusetts, United States (2) Beyond Benign Inc, Wilmington, Massachusetts, 
United States  

A truly circular material must retain the same physical and chemical properties through several 
cycles of use and reuse. While nature has an abundance of systems that are capable of 
continuous circular use, the human built world has not found adequate materials that are circular 
that are also nontoxic and environmentally compatible. This presentation will discuss molecular 
strategies to achieve these goals using a combination of photochemistry and noncovalent 
derivatization of biopolymers. 
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High oleic plant oil-based latexes: Effect of fatty acids polyunsaturation 

Andriy S. Voronov, andrejvoronov@hotmail.com. Coatings and Polymeric Materials, North 
Dakota State University, Fargo, North Dakota, United States  

We developed one-step plant oil transesterification method to synthesize plant oil-based 
monomers (POBMs) which undergo free radical polymerization (including synthesis of biobased 
latexes), and at the same time, retain reactive sites for post-polymerization crosslinking to 
generate materials with advanced properties and extended performance. 
In this study, we focus on revealing the effect of polyunsaturated fatty acid fragments in plant oils 
on the POBM polymerization as well as on the mechanical performance of POBM-based 
crosslinked latex films. For this purpose, three oils with a similar content of oleic acid esters and a 
widely different polyunsaturated content, such as olive, high-oleic soybean, and canola oil, were 
chosen for the POBM synthesis. to examine the impact of linoleic (C18:2) and linolenic (C18:3) 
acid fragments in the fatty acid profiles on POBM polymerization kinetics and thermomechanical 
properties of crosslinked POBM-based latex films with a varying content of linoleic and linolenic 
acids. 

Latexes with a high biobased content (40–60 wt%) of monomers from olive oil (OVM), high-oleic 
soybean oil (HOSBM), and canola oil (CLM) copolymerized in a miniemulsion process with 
styrene were synthesized. We hypothesized that the mass fraction of each polyunsaturated 
fragment type in the plant oil can be utilized as a criterion to determine polyunsaturation effects 
on both the resulting latex characteristics and thermomechanical properties of crosslinked latex 
films. 

High-oleic plant oils, which have oleic acid content of over 70%, attract great attention in 
biobased polymer synthesis due to higher oxidative and thermal stability. Those oils are safe and 
suitable for use in both the food and non-food industries. Olive, high-oleic soybean, high-oleic 
sunflower, high-oleic canola, and commodity canola oil experience large-scale production and 
use. 

Synthesis of latex polymers based on canola and high-oleic soybean oil containing a high amount 
of oleic acid esters may extend the range of the POBM applications. Moreover, a high content of 
oleic acid esters (C18:1) can allow for a higher total monomer conversion along with the less-
pronounced retardation during the polymerization in comparison with more unsaturated POBMs. 

This may ensure the broader range of biobased polymeric materials in terms of molecular weight 
as well as help to investigate the effect of polyunsaturated fragments on the properties and 
performance of POBM-based polymeric materials. 

  

https://acs.digitellinc.com/acs/live/28/page/905/1?eventSearchInput=&eventSearchDateTimeStart=8%2F21%2F2022+12%3A00+AM&eventSearchDateTimeEnd=&eventSearchTrack%5B%5D=201#sessionCollapse451018


344 
 

Green Polymer Chemistry & Sustainability 

Self-templating and solvent-free supramolecular polymer synthesis 

Zhen Chen, zhen.chen818@gmail.com. Tsinghua University, Tsinghua University, Beijing, 
Beijing, CN, academic, Beijing, China  

Considering an emergent environmental issue caused by plastic waste, supramolecular polymers 
are promising candidates for next-generation materials because their intrinsically dynamic nature 
possibly allows for excellent recyclability and recombinant usage. However, the solvents used for 
supramolecular polymer synthesis limit their application and sustainability. Solvent-free chemical 
manufacturing may be the only approved green process, since the large volumes of solvent used 
in traditional manufacturing are too damaging to the environment. 

In a recent article on Nature Materials (Nat. Mater. 2022, 21, 253-261), we report solvent-free 
autocatalytic supramolecular polymerization (SF-ASP), which provides an inhibition-free 
template-assisted catalytic organic transformation that takes great advantage of the fact that the 
product (template) undergoes a termination-free nucleation &elongation assembly (living 
supramolecular polymerization) under solvent-free conditions. SF-ASP allows for reductive 
cyclotetramerization of hydrogen-bonding phthalonitriles into the corresponding phthalocyanines 
in exceptionally high yields (>80%). SF-ASP requires the growing polymer to form hexagonally 
packed crystalline fibres, which possibly preorganize the phthalonitriles at their cross-sectional 
edges for their efficient transformation. With metal oleates, SF-ASP produces single-crystalline 
fibres of metallophthalocyanines again in exceptionally high yields, which grow in both directions 
without terminal coupling until the phthalonitrile precursors are completely consumed. By taking 
advantage of this living nature of polymerization, multistep SF-ASP without/with metal oleates 
allows for the precision synthesis of multi-block supramolecular copolymers. Our finding could 
lead to the development of inherently recyclable polymer materials that are made using a 
sustainable process. 

 
Schematic illustration of the concept of SF-ASP.  
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Okara-based superabsorbent hydrogels enhancing soil properties for improving vegetable 
growth performance 

Jun Li1,2, jun-li@nus.edu.sg. (1) Department of Biomedical Engineering, National University of 
Singapore, Singapore, Singapore (2) NERI, National University of Singapore, Singapore, 
Singapore  

Okara is a byproduct of soybean milk and curd production and has been underutilized and 
disposed as waste. It is a suitable candidate for development of bio-based superabsorbent 
polymer materials. Here we report the synthesis and characterization of hydrogels through free 
radical graft polymerization of acrylic acid (AA) onto okara (Ok) with crosslinker N,N'-
methylenebisacrylamide (MBA). The dried Ok-PAA hydrogels were ground into granules in 
different granular sizes and were then assess for their water swelling kinetics. The hydrogels 
were further used to enhance the water holding capacity and water retention capacity for different 
types of soils, i.e., sand, mixed soil, and potting mix, by adding up to 2 wt% of the hydrogel 
granules into the soils. The addition of the OK-PAA hydrogel granules increased the water 
holding capacity and water retention property of all the three types of soils. The survival 
performance of a common brassica vegetable seedlings as well as its growth in the different soils 
supplemented with the Ok-PAA hydrogel granules at different contents were evaluated under a 
drought condition. The addition of the hydrogel was found to be the most beneficial for the 
vegetable survival and grown in the mixed soil supplemented with the hydrogel. 

 

 
Okara is converted to superabsorbent hydrogels for enhancing soil properties to grow vegetable better 
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Development of a method to determine the composition of vegetable waste based on NMR 

Denise Besghini, d.besghini@campus.unimib.it, Michele Mauri, Matteo Boventi, Giulia 
Tarricone, Roberto Simonutti, roberto.simonutti@unimib.it. Materials Science, Universita degli 
Studi di Milano-Bicocca, Milano, Lombardia, Italy  

Plant-derived biopolymers, such as cellulose, starch, lignin, pectin, are interesting because of 
their wide availability. Other than virgin vegetation or crops, a source of biopolymers can be 
represented by food waste. Fruits, vegetables, roots and tubers constitute half of all wasted food. 
Turning this organic waste into raw materials for bioplastics has a positive environmental impact: 
reduced CO2 release from food disposal, drop of fossil fuels consumption, and less non-
biodegradable polymers dispersed into the ecosystem. The usability of biopolymers as 
processable and stable matrixes forming films for packaging or bags is nontrivial. Obtaining pure 
biopolymers from food waste is extremely challenging since their strong interconnection and 
crystallinity, requiring time and multiple and costly purification steps. Furthermore, the waste is a 
complex and variable mixture of different plants and fruits each with a specific composition and 
hierarchical organization. A more recent and cost-effective approach has been the use of non-
treated, whole plant waste powders as raw materials, which are then hydrolyzed and/or thermally 
treated before film casting. Avoiding the extraction step allows not only to save time and money, 
but also to directly create a composite material, retaining all the macromolecules originally 
present in cell walls and potentially exploiting all their peculiarities. In order to optimize and 
generalize this approach it is fundamental to have a simple and fast routine to determine the 
composition of the vegetable waste. In this perspective, it is important to notice that all plants and 
fruits share the same six basic components (the big six): cellulose, hemicellulose, pectin, lignin, 
polyesters and starch. Thus, a simple classification of the waste can be done just determining the 
quantity of the big six. In this contribution, we will report on the algorithm we are developing 
combining 13C CPMAS NMR and 1H TD NMR for a fast determination of the vegetable waste 
composition based on the spectral properties of the pure components (Figure 1). 

 
13 CPMAS spectra of selected components of vegetable waste  
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Repurposing the chemistry of life for nanotechnology 

Rein Ulijn, rulijn@gc.cuny.edu. Nanoscience Initiative, CUNY Advanced Science Research 
Center, New York, New York, United States  

We are interested in how functionality emerges from interactions between biomolecules, and 
subsequently how these functions can be incorporated into functional materials. Instead of using 
sequences known in biological systems, we use unbiased computational and experimental 
approaches to search and map the peptide sequence space for specific interactions and 
functions, which has provided new families of functional short peptides. The talk will focus on our 
latest results in three areas. First, we will demonstrate how to program molecular order and 
disorder in tripeptides, and how the conformations adopted by these peptides can be exploited to 
regulate interfacial assembly properties, and demonstrate spontaneous emulsification. Second, 
chemo-mechanical peptide-crystals that change their properties upon changes in hydration states 
will be discusse. Finally, we will demonstrate design of pentapeptide modules that give rise to 
tunable liquid-liquid phase separation behavior. 
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Poly(glutamic acid): Two isomers – two very different polymers 

Carmen Scholz, cscholz@chemistry.uah.edu, Leah Johnson, Adekunle T. Akinmola. Chemistry, 
University of Alabama in Huntsville, Huntsville, Alabama, United States  

Poly(glutamic acid), an anionically charged polymer, exists as poly(α-glutamic acid), p(α-Glu) and 
as poly(γ-glutamic acid), p(γ-Glu). The microbially produced, p(γ-Glu) is best known as natto, a 
Japanese delicacy, typically produced by the fermentation of soybeans with Bacillus subtilis. Its 
exceptional water-holding capacity makes p(γ-Glu) interesting to the cosmetics industry, and 
currently more efficient fermentation methods are sought to make p(γ-Glu) cost-competitive with 
skin care products such as hyaluronic acid and collagen. Poly(γ-Glu) has been considered for 
biomedical uses exploiting its anionic character, e.g. in layer-by-layer assemblies. Given its high 
biocompatibility, p(γ-Glu) can counteract the toxicity of common cationic gene delivery systems. 

Poly(α-Glu) can only be produced by ring-opening polymerization, ROP, of the N-
carboxyanhydride of γ-benzyl-glutamate. As these ROPs can be conducted as living 
polymerizations, the molecular weight of p(α-Glu) can be tightly controlled, and block copolymers 
can be produced, thus providing an ideal polymer for applications in gene and drug delivery. The 
terminal carboxyl side group can be exploited in polymer-analogous reactions that yield direct 
drug conjugates, in physical mixtures with biomedically relevant molecules and in the formation of 
polymeric nanoparticles via electrostatic assembly with positively charged polymers. 

Poly(α-Glu) has been established in biomedical research, and it is expected to find expanding 
applications. If the production costs for p(γ-Glu) could be reduced it could find numerous large 
scale applications based on its water-holding capacity and adhesiveness. 
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Mussel-inspired polypeptides for preparation of mitogenic surfaces 

Yoshihiro Ito1,2, y-ito@riken.jp. (1) Nano Medical Engineering Laboratory, RIKEN, Wako, 
Saitama, Japan (2) Emergent Bioengineering Materials Research Team, RIKEN CEMS, Wako-
shi, Saitama, Japan  

Artificial materials have generally no biological functions, but they are important for medical 
devices such as artificial organs and matrices for regenerative medicine. In this study, mitogenic 
and differentiation-inducible materials are devised via the simple coating of polypeptides, which 
contain the sequence of epidermal growth factor or insulin-like growth factor with a key amino 
acid (3,4-dihydroxyphenylalanine) of underwater adhesive proteins. The adhesive polypeptides 
prepared via solid-phase synthesis or bioorthogonal method combining gene and enzymatic 
technology form layers on various substrates involving organic and inorganic materials to provide 
biological surfaces. Through the direct activation of cognate receptors on interactive surfaces, the 
materials enable increased cell growth and differentiation compared to that achieved by soluble 
growth factors. We attribute this superior growth and differentiation to the long-lasting signal 
transduction (triggered by the bound growth factors), which do not cause receptor internalization 
and subsequent downregulation. 
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Protein engineered fibers and composites 

Jin K. Montclare, montclare@nyu.edu. Chemical and Biomolecular Engineering, New York 
University, Brooklyn, New York, United States  

Inspired by nature’s biopolymers, we engineer artificial protein materials with entirely new 
properties and function. We employ synthetic and chemical biology to construct our materials and 
endow them with stimuli-responsiveness. In particular, we have fabricated protein-derived coiled-
coil fibers that can self-assemble into stand-alone soluble fibers and hydrogels. We investigate 
the fundamental self-assembly and molecular recognition capabilities of these systems. In 
addition, we explore templation of nanocrystals to produce organic-inorganic composites. More 
importantly, we are able to harness these structure as well as others to interface with small 
molecule therapeutics and cells. 
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Control of bacterial cellulose morphology 

Richard A. Gross, grossr@rpi.edu. Center for Biotechnology and Interdisciplinary Studies, 
Rensselaer Polytechnic Institute, Troy, New York, United States  

Methods were developed to make remarkable changes in the bacterial cellulose (BC) matrix 
organization and, consequently, functional properties of bacterial cellulose (BC). In one approach, 
BC producing cells were induced by a well-defined atomized droplet nutrient delivery (ADND) 
system to form pellicles with a regular layered morphology that persists throughout the mat depth. 
In contrast, the morphology of mats formed by conventional static medium nutrient delivery 
(SMND) is irregular with no distinguishable pattern. We will also report on other details of the 
structures formed and the corresponding mat properties. In another approach, gelatin was added 
to cultivation media at 0.1-7.5 wt%. After cultivations, gelatin was removed from the BC matrix 
and its effects on BC matrix characteristics and fermentation production efficiency were 
determined. Higher contents of gelatin in cultivation media (up to 5%) resulted in BC that, from 
scanning electron microscopy (SEM) observations, had larger pore sizes and formation of a 
lamina morphology that was highly unidirectional. Other features of the BC formed such as water 
content, dense-layer and pore dimensions as well as cultivation yields and productivities will be 
presented. 

   
Characteristic meso-scale (2.5kx) SEM image from cross sections of grown BC in cultivations containing 
5.0% gelatin (Scale Bar = 20 µm) 
 
Directionality histograms of all representative SEM images (black and red are for cultivations with 0.0 and 
5.0 wt%, respectivel, gelatin in cultivations)  
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Cellulose-derived levoglucosenone, a versatile bio-based building block for the production 
of novel sustainable monomers and polymers 

Sami Fadlallah1, Florian Diot-Néant1,2, Louis M. Mouterde1, Stephen A. Miller2, Florent Allais1,2, 
florent.allais@agroparistech.fr. (1) URD ABI, AgroParisTech, Paris, Île-de-France, France (2) 
Department of Chemistry, University of Florida, Gainesville, Florida, United States  

Although biomass-based greener pathways to commercial petro-based monomers and polymers, 
aka drop-in, is an interesting approach to find alternatives to fossil-resources, it does not address 
the toxicity nor the end-of-life issues related to the aforementioned polymers. Indeed, tackling 
such issues requires the design of novel monomers and polymers that provide thermo-
mechanical properties, at least as good as that of their petro-based counterparts, while being 
non-toxic and offering sustainable recycling or biodegradation options after use. 

Levoglucosenone (LGO), readily accessible from cellulosic biomass through pyrolysis, is a highly 
functionalized chiral molecule with a great potential as synthon. Indeed, with three key reactive 
moieties (i.e., ketal, carbonyl and a conjugated double bond), LGO offers a wide range of 
potential chemical transformations (e.g., Baeyer-Villiger oxidation, (aza-)Michael addition, 
hydrogenation, reduction) allowing the access to different types of monomers (e.g., diols, 
acrylates, substituted-cyclopentadienes) and corresponding polymers (e.g., polyesters, 
polyacrylates, polyolefins, polycarbonates). 

This presentation will provide an overview of the works that have been carried out by URD ABI - 
some in collaboration with the University of Florida - on LGO-based monomers and polymers. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/1?eventSearchInput=&eventSearchDateTimeStart=8%2F21%2F2022+12%3A00+AM&eventSearchDateTimeEnd=&eventSearchTrack%5B%5D=201#sessionCollapse451018


353 
 

Green Polymer Chemistry & Sustainability 

Degradable poly(acetal)s from levoglucosenone-derived enyne monomers 

Alec B. Pabarue, apabarue2017@my.fit.edu, Yilei Bu, Will Gutekunst. Georgia Institute of 
Technology College of Sciences, Atlanta, Georgia, United States  

Fossil-derived hydrocarbons used for materials and energy have caused widespread 
environmental pollution and climate change. This has increased desire to generate materials from 
renewable resources such as biomass products like cellulose. Levoglucosenone (LGO) is a 
pyrolysis product of acid-treated cellulose. Derivatives of LGO have been utilized as monomers 
for ring-opening metathesis polymerization (ROMP) to generate both non-degradable 
poly(norbornene) derivatives and degradable poly(acetal)s. In both of these cases, the 
polymerizations displayed non-living characteristics. A potential cause of this non-living character 
was believed to be slow initiation relative to propagation and the limited ring strain of the bicyclic 
framework. Here, it is shown that a terminal alkyne can be used as a directing group to increase 
initiation rates and a generate polymers with targetable molecular weights and low dispersities. 
Additionally, the degradation of these LGO-derived materials is demonstrated under acidic 
aqueous conditions, thereby adding to the catalogue of bioderived degradable polymers 
accessible. 
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Synthesis and characterization of stereoregular functionalized polysaccharides from 
biomass-derived Levoglucosan 

Mayuri Kiran Porwal1, porwa001@umn.edu, Yernaidu Reddi2, Derek J. Saxon2, Christopher J. 
Cramer2, Christopher J. Ellison1, Theresa M. Reineke2. (1) Chemical Engineering and Materials 
Science, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (2) 
Chemistry, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States  

Levoglucosan is a bicyclic acetal obtained from the pyrolysis of cellulosic biomass at a projected 
price point of $1.33 to $3.0/kg, which is competitive with many petroleum-derived monomers. 
Levoglucosan also offers rich hydroxyl functionality which can be synthetically modified to install a 
variety of pendant groups for tailored properties. With the aim of developing tailored sustainable 
polymers from renewable feedstock, a series of 1,6-α linked stereoregular polysaccharides with 
different pendant functional groups were synthesized from levoglucosan via cationic ring-opening 
polymerization (cROP). Biocompatible and recyclable metal triflate catalysts – scandium and 
bismuth triflate – were employed for green cROP of levoglucosan derivatives. Combined 
experimental and computational studies provided key kinetic, thermodynamic, and mechanistic 
insights into the cROP of these derivatives with metal triflates. Computational studies revealed 
that ring-opening of levoglucosan derivatives is preferred at the 1,6 anhydro linkage and cROP 
proceeds in a regio- and stereo-specific manner to form 1,6-α glycosidic linkages. Post-
polymerization modification of levoglucosan-based polysaccharides was readily performed via 
UV-initiated thiol–ene click reactions. The reported levoglucosan based polymers demonstrate 
excellent thermal stability and a vast Tg window of >180C is accessible with the few pendant 
groups highlighted in this study. This work demonstrates the potential of levoglucosan as a 
renewable feedstock for the development of next generation sustainable and biocompatible 
polymers as well as fully functionalized dextran derivatives with tailored properties. 

 
Levoglucosan based stereoregular functionalized polysaccharides 
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Natural-based hybrid salicylic acid poly(anhydride ester) hydrogels for combating drought 
stress 

Mariana Reis Nogueira de Lima, marianar@ucr.edu, Nhien Q. Nguyen, Kathryn E. Uhrich. 
Chemistry, University of California Riverside, Riverside, California, United States  

Climate changes cause destructive impacts on agricultural production, thus rising hunger 
worldwide and threatening food security. Among these negative effects, drought stress caused by 
water deprivation in crops is a major limitation to yields and productivity. Natural biopolymer-
based hydrogels derived from cellulose and starch are promising agriculture materials as they 
have showed positive results against the drought; however, their fast degradability is not ideal for 
retaining water during the entire plant cycle or the drought period. Hybrid hydrogels that interface 
synthetic and natural polymers are particularly promising in this regard, as the longer lifetime of 
synthetic polymers improves the overall hydrogel stability. However, the synthetic component 
often lacks biocompatibility and do not possess any additional contribution against the drought. In 
this work, we describe the preparation of novel hybrid hydrogels composed of synthetic salicylic 
acid-based poly(anhydride-ester)s (SAPAEs) polymers and natural polymers that ensure longer 
hydrogel stability while effectively retaining water. SAPAEs are biodegradable and 
environmentally safe polymers that release salicylic acid in a controlled manner upon their 
hydrolytic degradation. Besides from its well-known therapeutic properties, salicylic acid is also a 
defense related plant hormone and its release in the soil directly benefit water deprived plants by 
improving photosynthesis, membrane permeability, and the activity of the antioxidant enzymes 
which are all negatively affected by the drought. By incorporating SAPAEs into a hydrogel matrix, 
we hypothesize that not only the hydrogel stability is promoted, but a dual action against the 
drought stress by retaining water in the soil and releasing salicylic acid over time without harming 
the environment can be achieved. 

 
Application of the natural-based hybrid SAPAE hydrogels and the general reaction scheme for SAPAE 
hydrolytic degradation. 
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Structural diversity for sustainable, degradable polymers derived from carbohydrates 

Karen L. Wooley, wooley@chem.tamu.edu. Texas A&M University, College Station, Texas, 
United States  

A primary interest in the Wooley laboratory is the production of functional polymers from 
renewable sources that are capable of reverting to those natural products once their purpose has 
been served, with a focus on carbohydrate building blocks. Carbohydrates possess high degrees 
of chemical functionality with rich diversity, making them abundant as small molecules and 
polymers throughout the plant and animal kingdoms of Nature, but also challenging substrates for 
synthetic polymerization chemistries. This presentation will highlight the development of synthetic 
methodologies for the preparation of sustainable polymers from carbohydrates, taking advantage 
of their stereochemical complexities and invoking in-situ structural metamorphoses to produce 
degradable polymers of diverse compositions, regio- and stereochemistries. 
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Surfactant free emulsion polymerization to create polymer brush modified cellulose 
nanofibril reinforcements for poly(lactic acid) 

Hathaithep Senkum1,2, William Gramlich1,2, william.gramlich@maine.edu. (1) Chemistry, 
University of Maine, Orono, Maine, United States (2) Advanced Structures and Composites 
Center, University of Maine, Orono, Maine, United States  

Poly(lactic acid) (PLA) is one of most widely produced biomass derived and industrially 
compostable polymers available that is commonly used for food service and additive 
manufacturing applications. For applications that require more strength and stiffness, PLA can be 
reinforced with materials such as carbon and glass fibers, but these are not degradable and thus, 
reduce the sustainability of the resultant composite. Cellulose nanofibrils (CNFs) are a naturally 
derived biomaterial that can act as a replacement reinforcement, but their high water content as 
produced cause them to collapse when dried, destroying their nanoscale structure. Furthermore, 
their surface energy mismatch with PLA cause them to aggregate when mixed, creating an 
inferior composite. To address these challenges, CNFs were functionalized with poly(methyl 
methacrylate) (PMMA) in their native suspension by a grafting-through surfactant free emulsion 
polymerization. To enable this grafting-through polymerization, the CNFs were first functionalized 
with a methacrylate group in their native aqueous suspension. During the subsequent surfactant 
free emulsion polymerization, this reactive handle captured propagating PMMA chains to coat the 
CNFs. Polymerization conditions could be varied to control the amount of PMMA and the length 
of polymer chains attached to the surface. These polymer brush modified CNFs could be dried 
under vacuum without significant collapse of the nanostructure, retaining the nanofibril structure. 
Changes to polymerization conditions generated a library of materials that were melt 
compounded with PLA to generate composites with up to 20% increase in strength over the 
original polymer. 

 
Functionalization of cellulose nanofibrils (CNFs) with poly(methyl methacrylate) (PMMA) to create 
poly(lactic acid) (PLA) reinforcements in water through a two-step process. 
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Structure-property relationship of one-component nanocomposites (OCNs) based on 
surface functionalized cellulose nanocrystals 

Chris Rader1, christopher.rader@unifr.ch, Sandra Wohlhauser2, Christoph Weder1. (1) Polymer 
Chemistry, Universite de Fribourg Adolphe Merkle Institute, Fribourg, Fribourg, Switzerland (2) 
Universite de Fribourg, Fribourg, Fribourg, Switzerland  

Cellulose nanocrystals (CNCs) are widely used as a reinforcing nanofiller in polymer 
nanocomposites because of their high stiffness and strength, high aspect ratio, and renewable 
nature. However, hydrogen-bonding promoted by the abundant hydroxyl groups on the surface of 
the CNCs renders these nanoparticles prone to aggregation in many polymer matrices. This issue 
can be overcome by designing one-component nanocomposites (OCNs) that are based on “hairy 
nanoparticles” (HNPs), which in turn are made by growing the matrix polymer from the 
nanoparticles. Here we introduce OCNs made from HNPs that were synthesized by grafting 
homo- and gradient copolymers from the CNCs by way of surface-initiated atom transfer radical 
polymerization. We show that the combination of an inner block (towards the CNCs) of a low-Tg 
polymer (poly(methyl acrylate)) and an outer block of a high-Tg polymer (a gradient copolymer 
rich in poly(methyl methacrylate)) leads to materials that display the characteristic 
thermomechanical features of a microphase separated system consisting of rubbery poly(methyl 
acrylate) domains, glassy poly(methyl methacrylate) domains, and well-dispersed CNCs. As a 
result, the novel nanocomposites display thermomechanical and mechanical properties that can 
be tuned via the specific composition, and combine appreciable strength, stiffness, and 
toughness. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/1?eventSearchInput=&eventSearchDateTimeStart=8%2F21%2F2022+12%3A00+AM&eventSearchDateTimeEnd=&eventSearchTrack%5B%5D=201#sessionCollapse451018


359 
 

Green Polymer Chemistry & Sustainability 

Combined use of green polymer chemistry and nanocellulose particles 

H.N. Cheng1, hncheng100@gmail.com, Qinglin Wu2, Zhongqi He1, Jacobs H. Jordan1. (1) 
Southern Regional Research Center, USDA Agricultural Research Service, New Orleans, 
Louisiana, United States (2) School of Renewable Natural Resources, Louisiana State University, 
Baton Rouge, Louisiana, United States  

Green polymer chemistry is becoming a popular R&D topic because of the current interest to 
reduce the use of fossil-based raw materials, minimize plastic waste and pollution, and eliminate 
the toxicity of some monomers used for polymer synthesis. We are attracted by the combination 
of green polymer chemistry and nanotechnology as a way to develop new materials. In our work 
involving biodegradable polymers, we found the use of nanocellulose to provide valuable 
properties. For example, the addition of nanocellulose enhanced the adhesive performance of 
cottonseed protein in wood adhesives; in particular, cellulose nanofibers gave much improved dry 
and wet adhesive strength even at a 2% additive level. In another study, cellulose nanofibers and 
nanocrystals were made from cotton gin motes, and they were shown to enhance the 
performance of cottonseed protein as a dry strength additive for paper. From cottonseed hull, 
cellulose nanocrystals, spherical cellulose nanocrystals, and cellulose nanofibers have been 
obtained through sulfuric acid hydrolysis, mixed acid hydrolysis and mechanical disintegration, 
respectively. The aqueous suspensions containing poly(vinyl alcohol) (PVOH) and these 
nanocellulose samples showed enhanced rheology behavior, suggesting that these nanocellulose 
samples can be used in aqueous PVOH formulations or PVOH films. These and other 
applications will be discussed as illustrations of the range and versatility of the combined use of 
nanocellulose particles in biobased and/or biodegradable polymers. 

 
Scheme for selected nanocellulose applications 
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Fundamental understanding of biodegradability 

Andreas Kuenkel, andreas.kuenkel@basf.com. BASF SE, Ludwigshafen, Rheinland-Pfalz, 
Germany  

Biodegradable plastics are contributing to a circular economy as enabler for organic waste 
recycling to close the nutrient loop. Nevertheless stakeholders (e.g. politicians) ask the question: 
based on scientific evidence, is it possible to undoubtfully prove that biodegradable materials are 
truly biodegradable? Together with partners, such as ETH Zürich, MIT and others, BASF 
investigates in a systematic and fundamental way the biodegradation process of biodegradable 
plastics in different environments: industrial and home composting, anaerobic conditions, soil, 
limnic and marine habitats. The presentation will give an overview of the scientific methods and 
evidence developed so far to understand the interaction between materials, abiotic and biotic 
(microbes, enzymes) factors and the correlation between laboratory test systems and field trials 
connected by new digital tools (see figure). 
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Characterizing and improving microbial utilization of heterogenous substrates 

Laura R. Jarboe, ljarboe@iastate.edu. Chemical and Biological Engineering, Iowa State 
University, Ames, Iowa, United States  

Engineered microbial biocatalysts can play a role both in the production of green monomers and 
in the repurposing of petroleum-derived plastics; this talk mainly addresses the latter application. 
The goal of using microbes to metabolize plastic waste is in many ways similar to the goal of 
enabling microbial utilization of lignocellulosic biomass and here we discuss some of these 
commonalities. Like lignocellulosic biomass, the heterogeneity of plastic waste presents 
challenges relative to microbial utilization of a single substrate such as glucose. The low aqueous 
solubility of some of these compounds, and their potentially inhibitory effects on microbial 
metabolism, are reminiscent of the challenges of lignin valorization. Here, we describe methods 
for characterizing and interpreting microbial utilization of these substrates by both model and non-
model organisms. Finally, biological and process-based methods for improving bio-availability of 
these molecules will be presented. 
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Techno-economic, life-cycle, and socioeconomic impact analysis of enzymatic recycling 
of poly(ethylene terephthalate) 

Avantika Singh1, avantika.singh@nrel.gov, Nicholas Rorrer1, scott nicholson1, Erika Erickson1, 
Jason DesVeaux1, Andre F. Avelino2, Patrick Lamers2, Arpit Bhatt2, Yimin Zhang2, Greg Avery2, 
Ling Tao1, Andrew Pickford3, Alberta Carpenter1, John E. McGheen3, Gregg Beckham1. (1) 
BOTTLE Consortium, National Renewable Energy Laboratory, Golden, Colorado, United States 
(2) Strategic Energy Analysis Center, National Renewable Energy Laboratory, Golden, Colorado, 
United States (3) Center for Enzyme Innovation, University of Portsmouth, Portsmouth, 
Hampshire, United Kingdom  

Chemical recycling and upcycling of plastics will be critical technologies to address the plastic 
pollution challenge. Given multiple process options for recycling plastics, rigorous process 
analysis is necessary to identify challenges that must be overcome for a technology to reach an 
industrial scale. For poly(ethylene terephthalate) (PET) recycling, several chemical recycling 
strategies have been proposed and, in some cases—chemo-catalytic and thermal approaches—
are being scaled up. Given that PET exhibits labile ester bonds that are also common in natural 
biological systems, the research community is vigorously pursuing the engineering of esterase 
enzymes to depolymerize PET to terephthalic acid (TPA) and ethylene glycol (EG). 

Here, we present process modeling, techno-economic, life-cycle, and socioeconomic impact 
analyses for an enzymatic PET depolymerization-based recycling process, which we compare 
with virgin TPA manufacturing. We predict that enzymatically recycled TPA (rTPA) can be cost-
competitive and highlight key areas to achieve this. In addition to favorable long-term 
socioeconomic benefits, rTPA can reduce total supply chain energy use by 69%–83% and 
greenhouse gas emissions by 17%–43% per kg of TPA. An economy-wide assessment for the 
US estimates that the TPA recycling process can reduce environmental impacts by up to 95% 
while generating up to 45% more socioeconomic benefits, also relative to virgin TPA production. 
Sensitivity analyses highlight impactful research opportunities to pursue toward realizing 
biological PET recycling and upcycling. 
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Improvement of thermostability and activity of PET-degrading enzyme Cut190 towards a 
detailed understanding and application of the enzymatic reaction mechanism 

Nobutaka Numoto1, numoto.str@mri.tmd.ac.jp, Narutoshi Kamiya2, Masayuki Oda3. (1) 
Department of Structural Biology, Tokyo Ika Shika Daigaku Nanchi Shikkan Kenkyujo, Bunkyo-
ku, Tokyo, Japan (2) Hyogo Kenritsu Daigaku, Kobe, Hyogo, Japan (3) Kyoto Furitsu Daigaku 
Seimei Kankyo Gakubu Daigakuin Seimei Kankyogaku Kenkyuka, Kyoto, Kyoto, Japan  

Cutinase-like enzyme Cut190 from Saccharomonospora viridis AHK190 has been shown to 
hydrolyze polyethylene terephthalate (PET). Cut190 is characterized by the high thermal stability 
and enzymatic activity in the presence of calcium ion (Ca2+). We have previously demonstrated 
the enzymatic reaction cycle of Cut190 based on the crystal structures of Cut190 
S226P/R228S/S176A mutant (Cut190*S176A) complexed with the two substrates of straight-
chain esters. In present study, we solved the crystal structure of a novel form in the reaction cycle 
and revealed more detailed reaction steps on substrate degrading and exchanging. We 
successfully obtained the mutants of improved thermal stability and enzymatic activity based on 
the structural information. We also obtained the structures of interesting complexes of substrate 
mimic compounds at the active site of the enzyme. 

Mutations were introduced to Cut190* in which the C-terminal three residues are deleted 
(Cut190**) and Cut190** showed higher thermal stability than that of Cut190*. Moreover, crystal 
structure of Cut190**S176A mutant reveals a novel form designated as "ejecting form" which 
demonstrates the product releasing. Another mutant (Cut190*SS) in which 5 residues were 
substituted (Q138A/D250C/E296C/Q123H/N202H) on Cut190* was designed based on the 
crystal structures. Cut190*SS showed the highest thermal stability of Tm value of 83.3°C in the 
presence of 2.5 mM Ca2+ keeping high activity. It is notable that significantly higher Tmvalue of the 
enzyme than 70°C, which corresponds to the glass transition temperature (Tg), will be great 
advantage for depolymerizing the inner block of PET. Although our attempts to obtain the 
structure complexed with PET-like substrate containing aromatic ring were difficult, complexes 
with MES or dioxane containing a ring structure, and sulfate ion comprised of the tetrahedral 
structure provide us interesting insight into the PET recognition mode. 

 
Close-up view of Cut190*SS S176A around active site in complex with dioxane.  
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Towards the biodegradability of microcapsules: A poly(β-amino ester) approach 

Catherine Lefay, catherine.lefay@univ-amu.fr. Aix-Marseille Universite, Marseille, Provence-
Alpes-Côte d'Azu, France  

Microplastics have become a major source of concern in terms of public health and 
environmental pollution. These solid polymer particles, smaller than 5 mm, are indeed found in 
the oceans and can enter the food chain. Faced with this problem(s), numerous regulations are 
being put in place at the international level to limit or even ban the use of microplastics. In this 
context, microcapsules, i.e. polymer particles smaller than one micrometer, have become a major 
industrial problem. Microencapsulation is indeed a process widely used on a large scale to 
encapsulate different internal phases (inks, perfumes or dyes). Among the different elaboration 
methods, the polycondensation of melamine (M) with formaldehyde (F) is certainly one of the 
most used producing MF (or aminoplast) microcapsules used in fabric softeners, cosmetics and 
personal care products. 

Even if the MF microcapsules are highly performant with high hardness and mechanical 
robustness, good heat and water resistance, their main drawbacks are today their lack of 
degradability and the use of formaldehyde in the formulation. 

To find an alternative to the MF process, we developed a more ecologically friendly method to 
produce biodegradable microcapsules. To achieve this goal, we used an aza-michael addition 
reaction to form polymeric membranes composed of crosslinked poly(β-amino esters) that are 
known to be sensitive to hydrolysis. The synthesis and properties of these biodegradable 
microcapsules will be presented in this work. 
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Compatibilization of PET and PLA from plastic bottle recycling: Studying the effect of clay 
amounts on the morphological, mechanical and thermal behavior of their blends 

Maria-Paraskevi Belioka, mpelioka@auth.gr, Dimitris Achilias. Chemistry, Aristoteleio 
Panepistemio Thessalonikes Schole Thetikon Epistemon, Thessaloniki, Central Macedonia, 
Greece  

In this study it is investigated if it is possible to improve the recyclability of mixed poly(ethylene-
terephthalate) (PET) and poly(lactic acid) (PLA) bottle waste. Bio-sourced and biodegradable 
polymers such as PLA are facing an increased use in bottle packaging, which affects the PET 
recycling process. This work presents the exploration of the properties of poly(ethylene 
terephthalate)/poly(lactic acid) /nanoclay multiscale composites and the goal is to present the 
effect of adding various clay amounts on the morphology, mechanical performance and thermal 
stability of them. Multiscale composites were prepared by adding different loadings of 
montmorillonite: The samples were obtained in a corotating twin-screw extruder and have been 
characterized by X-ray Diffraction Analysis (XRD), Mechanical Tensile Testing, Differential 
Scanning Calorimetry (DSC), ThermoGravimetric Analysis (TGA), scanning electron microscope 
(SEM) Investigation and Oxygen permeability. Some preliminary results show that the addition of 
nanoclay to PET/PLA matrices increases the degree of crystallinity, as revealed by DSC. The 
tensile modulus is increased when adding the nanoclay, too. In addition, the montmorillonite 
improved the thermal stability and the mechanical properties of the blends. 
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Backbone-degradable poly(acrylic acid)s for scale inhibitors 

Ligeng Yin1, lyin@dow.com, Matthew Carter3, Stephanie Barbon2, Randara Pulukkody4, Wen-
Shiue Young5, James Defelippis5. (1) Home and Personal Care R&D, Dow Chemical Co 
Collegeville, Collegeville, Pennsylvania, United States (2) Core R&D, The Dow Chemical 
Company, Midland, Michigan, United States (3) Construction Chemicals R&D, Dow Chemical Co 
Collegeville, Collegeville, Pennsylvania, United States (5) Core R&D, Dow Chemical Co 
Collegeville, Collegeville, Pennsylvania, United States  

Poly(acrylic acid) (PAA) is ubiquitous and used as a dispersant and scale inhibitor in a wide 
variety of coatings, dish and fabric cleansing, water treatment, and oil and gas applications. After 
use, PAA often enters a wastewater treatment plant or may end up in natural water systems. 
Growing scrutiny from detergent brand owners and consumers on the environmental fate of 
polymers has necessitated the development of new, biodegradable materials. Here we report the 
synthesis of AA copolymers with hydrolyzable ester linkages in the backbone. We developed a 
stepwise polymerization/deprotection pathway exploiting the copolymerization of 2-methylene-
1,3-dioxepane (MDO) and tert-butyl acrylate (tBuA). Copolymers were prepared via free-radical 
polymerization and the tert-butyl groups were selectively removed to reveal the acid functionality. 
MDO-AA copolymers with weight-average molecular weights (Mw) of 10-20 kg/mol and with 12-18 
wt % of ester content in the backbone were successfully prepared. Exhaustive base-catalyzed 
degradation of MDO-tBuA copolymers yielded PAA oligomers. The number- and weight-average 
molecular weights of the degraded materials were 0.6-1.0 kg/mol and 1.5-3.0 kg/mol, 
respectively, suggesting strong potential for biodegradation. These copolymers were also useful 
as carbonate scale inhibitors and the details of these applied studies will also be discussed. 
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Mechanochemical degradation of polyethylene to olefin containing residues 

Douglas P. Theberge, douglas.theberge@aramcomaericas.com, Laura Wilcox, Yagnaseni 
Ghosh. Aramco Research Center Houston, Houston, Texas, United States  

Plastics have become widespread in their use with the majority of plastic being single-use, thus, 
leading to vast amounts of plastic produced yearly of which the waste gets landfilled or 
incinerated, polluted into the environment, or recycled. Recycling is not very effective for most 
plastics due to the inherent properties of durability and inertness. Recycling is divided into two 
categories, the first being physical which is often seen as a downgrade of the plastic compared to 
virgin material. The other category of chemical recycling allows for a pathway to avoid 
downgrading but is often energy intensive. Mechanochemistry (MC) refers to chemical reactions 
induced by mechanical energy at ambient temperatures. MC combines the best of both physical 
and chemical aspects of plastics recycling and avoids some of the drawbacks of individual 
methods. Mechanochemical reactions are often solid-state, do not require solvents, and are less 
energy intensive. In this work, polyethylene, (MW=4000 da) was degraded by MC reactions 
catalyzed with various zeolites (i.e., FAU and MFI). MC reactions were conducted in an 
oxygenated environment below 100°C for 12h using a planetary ball mill (PM-400) with stainless-
steel jars containing grinding balls, polyethylene, and the catalyst. Thermogravimetric Analysis 
(TGA) was measured on the product residue and revealed the product degraded faster and at a 
lower temperature than the reference polyethylene, and 1H, 13C, and HSQC-NMR showed the 
presence of olefinic peaks. This low temperature, energy efficient process demonstrates that 
polymers can be successfully degraded to lower MW residues containing olefinic functional 
group. This reveals the effectiveness of MC in degrading polymers into smaller constituent 
building blocks, including olefins and alkanes, thus paving way for greener and energy efficient 
solutions to breakdown polymers into monomers. 

 

 
Polyethylene degraded by mechanochemical reactions catalyzed with various zeolites. 
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08:55am - 09:20am 
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plastic waste into high-end consumer applications 
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Wayne Ma; Felipe Barbosa; Carbonell Albert; 
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Industrial Innovations in Polymer Science: 

Recycling of polyurethane shoe soles into new and valuable recreational surfaces using 
Dow Voramer™ binder technology 

Luis Garcia, LOGarcia@dow.com, Mauricio Torres. Polyurethanes, The Dow Chemical 
Company, Freeport, Texas, United States  

Polyurethane (PU) is one of the most versatile polymers in the world; PU can be found insulating 
refrigerators, providing comfortable mattresses and pillows, in protective coatings, etc. Footwear 
is not the exception; PU is one of the main materials utilized to make soles thanks to its light 
weight & toughness. Mexico is the 9th largest footwear manufacturing country. Dow is working 
with partners along the value chain to reduce the environmental footprint of this industry with the 
use of Voramer™ binder technology to recycle postindustrial waste of PU shoe soles to create 
new & valuable surfaces (playgrounds, athletic courts, etc). 

Fashion brand owners are facing consumers pressure to reduce their environmental impact A 
collaborative project with selected partners in Mexico is being shaped to eventually recycle 
hundreds of metric tons of PU waste that otherwise would end up being incinerated or disposed 
in landfills with negative environmental footprint in either emissions or land use. 

Proposed binder technology can help to close the loop as these recycled surfaces have 
demonstrated outstanding mechanical properties in the lab. Surfaces made with 100% recycled 
PU are lighter vs incumbent products made of rubber, all samples tested showed satisfactory 
mechanical properties even after accelerated ageing conditions. 
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Industrial Innovations in Polymer Science: 

Addressing the plastic waste issue by moving towards a circular economy 

Dayton Street, dayton.street@eastman.com. Technology, Eastman Chemical Co, Kingsport, 
Tennessee, United States  

Plastic materials are utilized in myraid markets and have become an intregal part of various 
products. For example, plastics can be used to hydrate (drinkware), feed (food storage 
conatiners), and care (medical accesories) for the global population. While these examples 
highlight that plastics can improve the quality of life, recently the focus on plastics has shifted to 
what happens during their end-of-life. In this session, I will discuss the plastic waste issue and 
how Eastman is utilizing chemical recycling technologies to move towards a more Circular 
Economy. 
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Industrial Innovations in Polymer Science: 

Upcycling plastic waste into performance materials 

Cody J. Higginson, codyhigginson@gmail.com. Research and Development, Novoloop, Inc., 
Menlo Park, California, United States  

Plastic packaging holds many benefits in modern life, but it is also a cause for great 
environmental concern, with 90% of plastic waste ending up in landfill, incinerators, or oceans. 
Mechanical recycling offers a possible solution to manage this waste, but it is not applicable to all 
plastics, such as polyethylene film. The majority of chemical recycling technologies focus on the 
depolymerization of commodity plastics into their constituent monomers, but many of these 
monomers are of low value. At Novoloop, Inc. we have developed an accelerated thermal 
oxidative decomposition (ATOD™) process that breaks polyethylene down into valuable lower 
molecular weight species with oxygenated functional groups. These versatile building blocks are 
purified and used to make new polymers. Here we discuss the use of monomers harvested from 
chemically decomposed polyethylene waste to produce high-performance polymers, including 
thermoplastic polyurethane (TPU). These polymers can be made with up to 50% upcycled 
monomer content and encompass a range of properties and performance attributes that are 
competitive with petroleum-derived TPU, making them suitable for a variety of applications. 
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Industrial Innovations in Polymer Science: 

REVOLOOPTM polyethylene upcycles plastic waste into high-end consumer applications 

Yongchao Zeng1, Isabel Arroyo1, Rogers Jessica1, Wayne Ma3, Felipe Barbosa2, Carbonell 
Albert1, Christopher Thurber2, Akanksha Garg1, AGarg@dow.com. (1) Packaging and Specialty 
Plastics, The Dow Chemical Company, Tarragona, Spain (2) Packaging and Specialty Plastics, 
The Dow Chemical Company, Sao Paulo, Brazil (3) Packaging and Specialty Plastics, Dow 
Chemical China Investment Co Ltd, Shanghai, Shanghai, China  

Plastics are irreplaceable in modern society and have countless benefits. REVOLOOPTM Resins 
create a second life for plastic waste that would otherwise end up in landfill, incinerators, or litter 
in oceans and the environment. In the recycling industry, discarded waste is hauled to a facility to 
be separated by hand and/or automation; bales of sorted and cleaned plastics are then 
reprocessed into pellets. Even the best post-consumer recycled (PCR) pellets are inherently 
inferior and can only be down-cycled or used at less than 100% of the virgin resin counterpart. 

REVOLOOP™ resins counterbalance PCR deficiencies by well-controlled waste collection 
system, proprietary performance boosters, and advanced processing to remove contaminants. 
Commercialization of REVOLOOP™ resin is the result of innovations in PCR characterization, 
new molecular design, and cost-effective manufacturing at world-scale. It has been demonstrated 
that polyethylene (PE) PCR can be up-cycled by designing tailored performance boosters to 
recover the lost performance in PCR. Up to now, 8 REVOLOOP™ products have been launched 
in the US, Europe, Asia, and Latin America. REVOLOOP™ resins are produced regionally where 
the plastic waste is discarded and collected locally. This optimized supply chain model minimizes 
logistic cost and environment impact, ensuring that REVOLOOP™ resins are produced at used at 
the lowest possible carbon emissions. Based on APR 2018 report on Life Cycle Impacts for PCR 
Resins, it is estimated that 1 kg of REVOLOOP™ resin used in US circular collation shrink 
packaging saves ~0.64 kg CO2 footprint, 2.03 liters of water consumption, and 43.10 MJ of 
energy. Compared to virgin polyethylene, each railcar sale of REVOLOOP™ (110 tons) saves the 
energy to power an average US home for over 120 years, in addition to less plastic waste, landfill, 
incineration, or litter. 
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Industrial Innovations in Polymer Science: 

Injection stretch blow molding plastic bottles: Virgin vs. PCR - MFI isn’t the whole story 

Paul Nash1, Skip Rochefort2, Kaylee Duchateau1, kaylee.duchateau@hp.com, Shelby 
Serprenant2, Rudresh Mahambre2, Madeline Pasche2. (1) HP Inc Corvallis, Corvallis, Oregon, 
United States (2) Chemical, Biological, and Environmental Engineering, Oregon State University 
College of Engineering, Corvallis, Oregon, United States  

HP, Inc has a corporate edict to use 30% Post-Consumer Recycled (PCR) plastics in personal 
system and print products by 2025. Plastic bottles are made for the sale of ink for HP printers, 
and injection stretch blow molding (ISBM) has been the chosen process for bottle production due 
to the need for detailed threads and thick wall sections. Suppliers make specific virgin plastic 
grades for ISBM, typically with an MFI between 2 and 10 g/10min. With the addition of PCR, the 
choice of grade and type of PCR added becomes more complicated. MFI is often the only tool 
used to make that choice, but it is only a single data point on shear viscosity at very specific 
conditions of temperature and flow rate. With PCR blended formulations, there is a widening of 
the molecular weight distribution, changing the flow properties of the material, specifically, the 
elasticity which is particularly important in blow molding applications. The elasticity of virgin 
grades, commercial PCR grades, commercial PCR blends, and blends with recovered ocean and 
agricultural plastics, has been measured using dynamic oscillatory shear testing to understand 
molecular-level changes to shear and elastic behavior. Each sample was also characterized to 
determine thermal properties (DSC and TGA), and flow properties using ASTM D1238 MFI and 
capillary extrusion to determine shear viscosity vs shear rate. The combination of detailed 
molecular and thermal characterization, coupled with shear viscosity data for virgin and PCR 
samples should help delineate the characteristics required to produce a high quality ISBM bottle, 
and provide information for including PCR material in inkjet products to improve sustainability and 
meet recycling goals. 
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Industrial Innovations in Polymer Science: 

Sustainability case studies in plastics manufacturing 

Abigail Oelker, aoelker@exponent.com, Chris Lyons. Polymer Science & Materials Chemistry, 
Exponent Inc, Menlo Park, California, United States  

In the United States, recent legislation describes sustainable chemistry as improving efficiency of 
resource consumption and reducing environmental harm, emissions, and exposures to hazardous 
substances. The United Nations has outlined a framework for sustainability that includes 
seventeen “Sustainability Development Goals” that span a wide range of technical concepts, from 
“Responsible Consumption and Production” and “Affordable and Clean Energy” to less intuitive 
themes such as “Good Health and Well-Being.” Corporations seeking to produce their products in 
a more sustainable fashion must balance sustainability goals with maintenance of acceptable 
physicochemical properties of raw materials and performance metrics for finished products. In 
this talk, we will provide an overview of concerns relevant to plastics manufacturing using case 
study examples that fit into the above descriptions of sustainability. We will describe how these 
concerns differ between the U.S. and European markets. We will discuss how Exponent 
consultants apply technical expertise to assist clients experiencing sustainability-related 
challenges. Case study topics will include navigating pitfalls in polymer recycling, auditing of 
manufacturing and quality systems for production of polymers for healthcare applications, and 
technical assessment of a sustainable chemical production process. 
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Industrial Innovations in Polymer Science: 

Incorporating sustainable practices and design for polymer-science driven innovation 

Ann R. Fornof, afornof@vt.edu, Jason Clapper, Guy D. Joly, Chris Rother. 3M Company, Saint 
Paul, Minnesota, United States  

Sustainability is at the heart of 3M Innovation. In this talk, I will describe several projects, where 
sustainability was a key factor—from application to process. Each project is centered around a 
different market—from consumer goods to dental materials to electrical insulation materials. 
However, fundamental polymer science and engineering was central to each for successful 
product launch. Given the breadth of technologies at 3M, as well as product portfolio, the 
opportunity for continuing to implement sustainable macromolecular materials and manufacturing 
is considerable. 
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Industrial Innovations in Polymer Science: 

Impact of synthesis conditions on waterborne epoxy dispersion stability 

Tanvi Ratani, tratani@ppg.com, Andrey Chernykh, Brooke Kuei, Danielle Seigneur, Derek 
Saxon, Ross Moretti. PPG Industries Inc, Pittsburgh, Pennsylvania, United States  

Dispersion stability is key for improving manufacturability of cationic epoxy-polyurethane resins. 
We discuss the impact of several process variables on resin dispersion stability before 
formulation. DSC and TEM analysis of a resin dispersion without the polyurethane component 
suggests that polyurethane plasticizes the epoxy resin film and also provides a stabilizing effect 
on the final dispersion. Dropcast TEM can be a powerful qualitative tool to understand 
coagulation and coalescence effects of different synthesis levers and conditions. Spin-down 
analysis of the dispersion provides insight into the mechanisms of systemic instability. 
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Industrial Innovations in Polymer Science: 

Development of engineered polysaccharides 

Jenny Huang, zhengzheng.huang@gmail.com, Helen Lu, Natnael Behabtu, Christian Lenges. 
International Flavors & Fragrances Inc, New York, New York, United States  

Polysaccharides are ubiquitous biopolymers with a wide range of industrial and consumer product 
applications. With the ever-increasing market demands for sustainable products, polysaccharides 
attracted a lot of attention recently as viable environmentally friendly replacements for petroleum-
based nonrenewable synthetic polymers. Putting together state-of-the-art engineering control and 
breakthrough biotechnology, IFF has developed a family of engineered polysaccharides through 
enzymatic polymerization. These new-to-the-market engineered polysaccharides offer unique 
features and application benefits, including high quality, high technical performance, tunable 
properties, biodegradability…etc. 

This presentation will provide a brief overview of IFF’s engineered polysaccharide development 
efforts, including the enzymatic polymerization process, the structures and properties of 
representative engineered polysaccharides, the derivatization of engineer polysaccharides, and 
applications. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/3?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse451152


379 
 

Industrial Innovations in Polymer Science: 

Fast-degrading enzyme-embedded plastics: From 3D-printing to sensing 

Angelique F. Greene1, angelique.greene@scionresearch.com, Kate Parker2. (1) Chemistry and 
Physics, Scion, Rotorua, Bay of Plenty, New Zealand (2) MEM, Scion, Rotorua, Bay of Plenty, 
New Zealand  

The transition from a traditional linear plastics economy to a circular economic model is gaining 
momentum globally. Environmental and legislative change has led to an increased impetus to 
tackle the “plastics crisis” by placing restrictions on certain types of plastics and the general push 
towards sustainability and environmental stewardship in industry. Biodegradable aliphatic 
polyester plastics have the potential to meet these needs in fit-for-purpose scenarios. However, 
many biodegradable polyesters suffer from slow or incomplete degradation. To combat this end-
of-life issue there has been a recent trend towards embedding hydrolytic enzymes such as 
lipases and proteases into the polyester matrix to speed up the rate of degradation. Generally, 
the enzyme is embedded via solvent casting or immobilised onto an organic or inorganic 
substrate to protect it during the extrusion process. Here, we have a simple and straightforward 
approach whereby lipase (Amano lipase) can be directly mixed in the solid-state with 
polycaprolactone (PCL) and co-extruded via thermal 3D-paste-printing to produce fast-degrading 
plastic-enzyme composites without the help of supports. It was found that Amano lipase could 
tolerate solid-state processing temperatures up to 130 °C for 60 minutes without significant loss in 
activity. The PCL/Amano lipase composite films were found to degrade fully after ~7 days at 37 
°C in buffer and were found to have degradation rates much faster than PCL films with externally 
applied enzyme/buffer solutions and PCL with buffer only. Looking forward, these types of 
polyester-enzyme composites could provide plastic solutions for compostable packaging/goods, 
agriculture, and sensing applications in forestry. 
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Industrial Innovations in Polymer Science: 

Holistic approach to sustainable high performance polymers: From feedstock to 
manufacturing to recycling 

Zuzanna T. Donnelly, zuzanna.donnelly@arkema.com. Arkema, Inc, King of Prussia, 
Pennsylvania, United States  

A circular economy for plastic materials encompasses many different aspects related to the 
synthesis, use and re-use of polymers. Bio-sourced monomer feedstocks need to be farmed in a 
sustainable manner taking into consideration the social impact of farming. Manufacturing 
processes need to be optimized to minimize carbon footprint. The carbon footprint is then further 
reduced when the plastic can be recycled and reused. A case study of the development of a 
polymer circular economy for bio-sourced polyamide will be presented. 
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Tuesday, 08:00am - 12:00pm USA / Canada - Central - August 23, 2022 | Location: S105a (McCormick Place 
Convention Center) 
Brett Krull, Organizer, Presider; Cristina Urdaneta Thomas, Organizer 
Session Type: Oral - Hybrid 
Division/Committee: [POLY] Division of Polymer Chemistry 
Introductory Remarks 
08:00am - 08:05am USA / Canada - Central - August 23, 2022 | Location: S105a (McCormick Place Convention 
Center) 
 
3739154 - Polymeric networks enabling advances in 3D printing: From semi-interpenetrating elastomeric networks to 
polyimide organogel intermediates 
08:05am - 08:45am  
Ren Bean, Presenter; Jianheng Wen; Cody Weyhrich; John Will; Keyton Feller; Christopher Williams; Timothy Long, 
Presenter 
 
3741654 - Applying polymer science principles to practical adhesive design problems 
08:45am - 09:25am  
Dr. David J Yarusso, Presenter 
 
3739778 - Technology enabled consumer product platforms 
09:25am - 10:05am 
Margaret Sheridan, Presenter 
 
Intermission - 10:05am - 10:15am 
 
3750633 - Synthesis and design of silicone pressure sensitive adhesives at 3M 
10:15am - 10:35am 
Lindsey Kryger, Presenter 
 
3737216 - Perspectives on product development at 3M 
10:35am - 10:55am 
Bradley Forney, Presenter 
 
3746684 - Product development for consumer markets: Using technology platforms and technical expertise to 
address consumer needs 
10:55am - 11:15am  
Christina Cowman-Eggert, Presenter 
 
3742608 - Prototype to production 
11:15am - 11:35am 
Krystal Hunt, Presenter 
 
3757763 - Separating the hype from the helpful: Understanding the fundamental strengths and limitations of current 
AI/ML systems for doing and applying science 
11:35am - 11:55am 
Brian Brooks, Presenter 
 
Concluding Remarks - 11:55am - 12:00pm 
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Polymeric networks enabling advances in 3D printing: From semi-interpenetrating 
elastomeric networks to polyimide organogel intermediates 

Ren Bean1, rhbean@asu.edu, Jianheng Wen1, Cody W. Weyhrich1, John W. Will2, Keyton D. 
Feller2, Christopher B. Williams2, Timothy E. Long1, telong@asu.edu. (1) Arizona State 
University, Tempe, Arizona, United States (2) Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States  

Vat photopolymerization (VP) additive manufacturing (AM) produces complex geometries with 
excellent resolution suitable for a wide range of photo-crosslinkable materials. However, viscosity 
limitations constrain VP amenable materials to those with viscosities below 10 Pa*s. Thus 
presenting a challenging paradox to take advantage of the properties high molecular weight 
polymers provide, while maintaining viscosities serviceable to VP systems. This work describes 
two methods for the erection of polymeric networks including (1) leveraging physical interactions 
and subsequent post-processing to yield high-performance materials and (2) photochemically 
curing water-soluble reactive diluents to form green-body scaffolds for structural integrity. (1) 
Traditionally, AM of polyimides relied on covalently bound photocurable pendant groups to enable 
the processing parameters required for VP. These materials exhibit high viscosities requiring 
custom VP systems to process. Recent advances deliver a low viscosity (>1 Pa*s) polyimide 
precursor, which utilizes ionic interactions to afford a polysalt with covalently bound acrylates that 
provides a photopolymerizable resin. (2) Latexes effectively dissociating the dependency of 
viscosity on molecular weight. Photo-crosslinking of reactive diluents enables the fabrication of a 
scaffold, restricted to the latex’s continuous phase, surrounding the latex particles enabling the 
AM of otherwise inaccessible high molecular weight materials. The resulting particle-embedded 
greenbody ensures sufficient moduli are maintained throughout the printing process. Thermal 
post-processing promotes particle coalescence of the dispersed polymer particles throughout the 
network while maintaining the resolution enabled through VP. To date, styrene-butadiene rubber 
has been demonstrated as a promising example exhibiting precise geometries and extensibility 
exceeding 500%. 
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Applying polymer science principles to practical adhesive design problems 

David Yarusso, daveyarusso@gmail.com. Yarusso Consulting, LLC, Shoreview, Minnesota, 
United States  

During a career of developing a wide variety of pressure sensitive adhesives (PSAs) at the 3M 
Company, the author sought to use as much polymer science and engineering knowledge as 
possible to streamline the process. The Fox equation was used to predict the glass transition 
temperature of miscible blends and theories of Graessley were used to predict the plateau 
modulus for blends of elastomers with various tackifiers and plasticizers in rubber based adhesive 
formulations. Random crosslinking theories were applied to predict the effect of radiation cure 
levels on the gelation of rubber based adhesives with different starting molecular weight 
distributions. The gelation theories of Winter were applied to the use of low frequency dynamic 
mechanical properties to identify the state of gelation of adhesive systems. Beyond the effects of 
formulation and cure on mechanical properties, the author also sought to quantitatively connect 
the rheological master curve (well understood to be critical to the performance of PSAs) to the 
peel force master curves as shown to follow the same superposition rules by authors such as 
Kaelble. That work led to publication that provided some satisfying results but leaves a key 
question open for future research regarding the critical condition for adhesive debonding in PSAs 
and how it might relate to a fundamental length scale in the adhesive. 

 
Connecting rheological behavior to peel 
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Technology enabled consumer product platforms 

Margaret Sheridan, mmsheridan@mmm.com. Consumer Business Group, 3M Company, Saint 
Paul, Minnesota, United States  

Pressure sensitive adhesives have been and continue to be uniquely designed for use on some 
of the most challenging surfaces in some of the most challenging environments. These technical 
advances in 3M’s pressure-sensitive adhesive platform represent several billion dollars in 
cumulative sales across several of 3M’s most iconic brands including Scotch®, Scotchblue™ and 
Command™. In the consumer market this entails meeting a broad spectrum of performance 
requirements and ones that at times are diametrically opposed such as high holding power yet 
clean damage free removal; and adhesion to delicate surfaces, sharp paint lines and remove 
damage free. Technology development and fundamental understanding of structure-property-
performance relationships have enabled these product platforms to meet advancing consumer 
needs and respond to changes in the world around us, such as the evolution of architectural paint 
chemistries to meet consumer and environmental expectations over the last decade. Most 
importantly, from a technical perspective, successful products are dependent on the interaction 
and success of numerous aspects of technology development, product development and 
manufacturing; several of which will be covered in the technical presentations that follow from an 
amazing group of colleagues and scientists. 

 
CommandTM application in bath / shower area. 
 

 
ScotchBlueTM sharp paint lines. 
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Synthesis and design of silicone pressure sensitive adhesives at 3M 

Lindsey R. Kryger, lrkryger@mmm.com. 3M, St. Paul, Minnesota, United States  

Development of pressure-sensitive adhesives for consumer applications starts at the molecular 
level – in the chemical synthesis of polymeric components of the adhesive system. In this talk we 
will highlight the chemical synthesis and structure-property relationships for a class of silicone 
pressure sensitive adhesives. Polysiloxane materials are an attractive polymer class for 
development of adhesives as they can impart optical clarity, UV and thermal stability, tack across 
a wide temperature range, and broad adhesion across a variety of substrate types. 
Polymerization of polysiloxane materials will be discussed in the context of silicone elastomers 
used as pressure sensitive adhesives at 3M. Modifications of polymer structure will be discussed 
in regard to how these variables can impact critical adhesion properties. 
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Perspectives on product development at 3M 

Bradley S. Forney, bsforney@mmm.com. 3M Company, Saint Paul, Minnesota, United States  

Overcoming challenges in pursuit of new technology to solve persistent problems requires 
perseverance at the lab bench and organizational levels. Here, we discuss continual pursuit of 
new materials and foundational learnings in polymer and adhesion science to solve problems in 
the consumer market. Perspective at all stages of product commercialization including grassroots 
technology development, engaging marketing, connecting laboratory measurements to 
customers, scale-up, and commercialization is presented. Balancing classical designed 
experiments with invention within the ever-present timeline is discussed. A technology 
development case utilizing anionic polymerization to control monomer sequencing to generate 
custom styrene-isoprene tapered diblocks is shown. Tapered diblocks were found to significantly 
reduce the dependence of peel adhesion on removal rate and closely mimic a silicone adhesive 
peel rate master curve. The frequency of the onset of unstable peel may be controlled through 
tapered diblock molecular weight. These examples illustrate 3M’s support of applied science to 
solve problems and deliver exceptional performance to the customer. 
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Product development for consumer markets: Using technology platforms and technical 
expertise to address consumer needs 

Christina D. Cowman-Eggert, CDCOWMAN-EGGERT@MMM.COM. 3M Company, Saint Paul, 
Minnesota, United States  

Successfully launching a new product requires more than clever marketing and eye-catching 
packaging. It’s critical for all different functions to work together to identify market trends and key 
end-user problem statements. Laboratory and technical functions bring a unique perspective to 
designing and developing products to address the needs of our end users. Product development 
chemists and engineers translate between technical specifications and customer needs, study the 
competitive landscape, work with manufacturing facilities, conduct fundamental and technology 
research, and solve technical challenges in all stages of development. In this talk, we will review 
the product development process and discuss how we use deep technical expertise to bring 
product ideas to life. 
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Prototype to production 

Krystal Hunt, kgarringer@mmm.com. 3M Company, Saint Paul, Minnesota, United States  

You’ve developed an amazing solution to solve a consumer need. Now what? In this discussion I 
will explore various ways a product can be designed for manufacturing and the benefits of 
evaluating manufacturability early in the development cycle. In today’s world of continued supply 
chain crises of unavailable and ever-changing raw materials, product and process understanding 
is key to identification and mitigation of product performance issues. 

Just as critical to understanding how to make good product is understanding how to make bad 
product and move back to a region providing good quality. I will discuss discovery of process and 
product limitations of scale that can make or break successful launch of a new material. 

In production, there is a need to know enough but don’t always have the luxury of resourcing the 
work to know more than is needed to know. I’ll examine the balance of fundamental 
understanding vs profitability and timeline. 
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Separating the hype from the helpful: Understanding the fundamental strengths and 
limitations of current AI/ML systems for doing and applying science 

Brian Brooks, bbrooks@mmm.com. 3M, Saint Paul, Minnesota, United States  

Few fields have been more filled with hype than artificial intelligence and machine learning 
(AI/ML). Hype notwithstanding, it is becoming more common for scientists and engineers to use 
artificial intelligence and machine learning (AI/ML) techniques, including in material science. 
However, it is sometimes difficult for scientists without fundamental and broad training in AI/ML to 
separate the hype from reality regarding the value AI/ML can generate. The goal of this talk is to 
explain clearly and concisely what the fundamental strengths and limitations of current AI/ML 
technologies are, with the hope that such an understanding will help you more efficiently 
interleave AI/ML techniques into the process of doing and applying science. The focus will be on 
two of the most active areas of AI/ML research and technology. First, we will delve into deep 
learning, explaining what deep learning can and cannot do, and more importantly, why those 
strengths and limitations arise out of the fundamental architecture and computational 
mechanisms that underlie today’s deep learning systems. Next, we will turn to arguably the most 
important area of AI/ML research for doing and applying science: causal inference and 
counterfactual reasoning. These concepts have been foundational to human mediated execution 
of science and to the very logic of scientific methods. We will discuss the current state of the art 
of AI/ML mediated casual inference methods and how to integrate such methods into the 
scientific discovery and application process. Lastly, we will describe how 3M is starting to deploy 
new-to-the-world methods of using automated control systems to understand and apply causal 
knowledge, including how such methods can dynamically optimize complex advanced materials-
focused manufacturing systems. 

 
DCL based causal understanding and optimization of the multi-armed bandit problem 
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Next-generation Synthesis & Structure for Pi-conjugated Polymers: 
 
Sunday, 08:00am - 12:00pm USA / Canada - Central - 
August 21, 2022 | Location: S105bc (McCormick Place 
Convention Center) Nagarjuna Gavvalapalli, Organizer, 
Presider; J. Tovar, Organizer, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Co-sponsor - Nominal ORGN: Division 
of Organic Chemistry Co-sponsor - Cooperative ORGN: 
Division of Organic Chemistry 
Division/Committee: [POLY] Division of Polymer 
Chemistry3743180 - Withdrawn 
08:00am - 08:20am 
 
3733774 - Spin splitting of dopant edge state in magnetic 
zigzag graphene nanoribbons 
08:20am - 08:50am  
Felix Fischer, Presenter 
 
3737761 - Climbing the ladder to next-generation 
conjugated ladder polymers 
08:50am - 09:20am  
Lei Fang, Presenter 
 
3734828 - Converting poly(diethynyl-para-phenylene) to 
soluble linear and 2D branched graphene nanoribbons 
using alkyne benzannulations 
09:20am - 09:50am  
Wesley Chalifoux, Presenter 
 
Intermission - 09:50am - 10:05am 
 
3734289 - Semi-ladder foldable polymers for organic light 
emitting transistors (OLETs) 
10:05am - 10:35am  
Luping Yu, Presenter 
 
3734987 - Extending pi-electron conjugation in two 
dimensions 
10:35am - 11:05am 
Dmytro Perepichka, Presenter 
 
3740805 - Carbon-rich conjugated polymeric architectures 
enabled by dynamic covalent chemistry 
11:05am - 11:30am 
Dr. Wei Zhang, Presenter 
 
3743162 - Strapped-conjugated porous polymers 
11:30am - 12:00pm  
Nagarjuna Gavvalapalli, Presenter 

 
Next-generation Synthesis & Structure for Pi-conjugated 

Polymers: 
Sunday: 02:00pm - 06:00pm USA / Canada - Central - 
August 21, 2022 | Location: S105bc (McCormick Place 

Convention Center) Nagarjuna Gavvalapalli, Organizer, 
Presider; J. Tovar, Organizer; Matthew Golder, Presider; 
Matthew Ross Golder, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Co-sponsor - Nominal ORGN: Division 
of Organic Chemistry Co-sponsor - Cooperative ORGN: 
Division of Organic Chemistry 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3733990 - Covalent organic frameworks for catalytic and 
energy storage applications 
02:00pm - 02:30pm  
Psaras McGrier, Presenter 
 
3731532 - Deviate from the norm: A new design paradigm 
for low bandgap polymers via donor-acceptor frameworks 
02:30pm - 03:00pm  
Evan Culver; Wyatt Wilcox; Elso Buyck; Seth Rasmussen, 
Presenter 
 
3737034 - Electron affinity umpolung of a stable quinoidal 
synthon for low band gap conjugated polymers 
03:00pm - 03:30pm 
Yi Liu, Presenter 
 
3729627 - Novel cyclosilane building blocks for 
constructing tunable σ-π conjugated structures 
03:30pm - 03:50pm  
Qifeng Jiang, Presenter; Alexandra Gittens; Rebekka 
Klausen 
 
Intermission - 03:50pm - 04:05pm  
 
3725477 - Withdrawn - 04:05pm - 04:35pm 
 
3739609 - Simple and tailorable conjugated polymers 
enabled via electron-rich pyrrolopyrroles 
04:35pm - 05:05pm 
Graham Collier, Presenter 
 
3754455 - Pyrrole-based organic semiconducting materials 
for organic electronics applications 
05:05pm - 05:30pm 
Mihaela Stefan, Presenter 
 
3738756 - Crafting linear and radial conjugation through 
pi-conjugated polymers 
05:30pm - 06:00pm  
Eric Peterson; Ruth Maust; Ramesh Jasti; Miklos Kertesz; 
John Tovar, Presenter 
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Next-generation Synthesis & Structure for Pi-conjugated 
Polymers: 

Monday, 08:00am - 12:00pm USA / Canada - Central - 
August 22, 2022 | Location: S105bc (McCormick Place 
Convention Center) 
Nagarjuna Gavvalapalli, Organizer; J. Tovar, Organizer; 
Colleen Scott, Presider; Graham Collier, Presider 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Co-sponsor - Nominal ORGN: Division 
of Organic Chemistry Co-sponsor - Cooperative ORGN: 
Division of Organic Chemistry 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3740240 - Masquerading pi-conjugated polymer 
architectures 
08:00am - 08:25am USA / Canada - Central - August 22, 
2022 | Location: S105bc (McCormick Place Convention 
Center) 
Matthew Ross Golder, Presenter 
 
3725719 - Functional conjugated polymers derived from a 
common set of enediyne building blocks 
08:25am - 08:55am  
Yang Qin, Presenter 
 
3739172 - Exploring new approaches to conjugated 
organoborane macrocycles and polymers 
08:55am - 09:25am 
Daisuke Shimoyama; Jingyao Zuo; Nurcan Baser-Kirazli; Dr. 
Frieder Jaekle, Presenter 
 
3737544 - Design strategy and applications of polyaniline 
derivatives 
09:25am - 09:55am  
Colleen Scott, Presenter; Mohammed Almtiri; Hari Giri 
 
Intermission 09:55am - 10:10am 
 
3755204 - Organic semiconductor structure measurements 
by polarized soft X-ray scattering 
10:10am - 10:35am 
Dean DeLongchamp, Presenter; Subhrangsu Mukherjee; 
Eliot Gann; Peter Dudenas; Camille Bishop 
 
3735735 - Integrating quinonoid units in π-conjugated 
polymers and their diradical characters 
10:35am - 11:05am 
Ms. Girishma Grover; J. Tovar; Miklos Kertesz, Presenter 
 
3738974 - Interrogating structure, dynamics, and disorder 
in organic semiconductors 
11:05am - 11:35am 
Chad Risko, Presenter 
 

3755649 - Withdrawn 
 
Next-generation Synthesis & Structure for Pi-conjugated 

Polymers: 
Monday, 02:00pm - 06:00pm USA / Canada - Central - 
August 22, 2022 | Location: S105bc (McCormick Place 
Convention Center) 
Nagarjuna Gavvalapalli, Organizer, Presider; J. Tovar, 
Organizer, Presider 
Co-Sponsor/Theme: Co-sponsor - Nominal ORGN: Division 
of Organic Chemistry Co-sponsor - Cooperative ORGN: 
Division of Organic Chemistry 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3734085 - Synergistic dual transition metal catalysis for the 
synthesis of semiconducting polymers 
02:00pm - 02:30pm 
Christine Keiko Luscombe, Presenter 
 
3741679 - Mechanochemical Suzuki polymerization for the 
synthesis of soluble polyfluorenes 
02:30pm - 03:00pm  
Tharika Nirmani; Fathima Pary; Toby Nelson, Presenter 
 
3741420 - Degradation chemistry of organic 
semiconductors 
03:00pm - 03:30pm 
Prof Jianguo Mei, Presenter 
 
3738085 - Withdrawn - 03:30pm - 03:55pm 
 
Intermission - 03:55pm - 04:10pm 
 
3735668 - Developing a tool kit to tune the performance of 
conjugated polymers by post-polymerisation modification 
04:10pm - 04:40pm 
Martin Heeney, Presenter 
 
3740892 - Modelling carbyne with sp-hybridized carbon 
oligomers and polymers 
04:40pm - 05:10pm 
Rik Tykwinski, Presenter 
 
3742962 - Epilogue of our cyclopenta-fused polycyclic 
aromatic hydrocarbon journey 
05:10pm - 05:40pm 
Kyle Plunkett, Presenter 
 
3743364 - Rational monomer design to interrogate 
sequence control of donor-acceptor conjugated polymers 
synthesized by ROMP 
05:40pm - 06:00pm  
Stephen Koehler, Presenter; Margaret Gerthoffer; Benton 
Bickerton; Tanner Wolf; Prof. Elizabeth Elacqua
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Spin splitting of dopant edge state in magnetic zigzag graphene nanoribbons 

Felix R. Fischer1,2,3, ffischer@berkeley.edu. (1) Department of Chemistry, University of California 
Berkeley, Berkeley, California, United States (2) Materials Sciences Division, E O Lawrence 
Berkeley National Laboratory, Berkeley, California, United States (3) Kavli Energy NanoScience 
Institute, Berkeley, California, United States  

Since their original inception the class of ZGNRs, graphene nanoribbons lined by hydrogen 
terminated zigzag edges, have been associated with unusual magnetic edge states. 
Computational models predict that the zig-zag edges in ZGNRs host spin-polarized edge-states 
that are coupled ferromagnetically along one edge and antiferromagnetically coupled across the 
width of the ribbon. Despite recent advances in the bottom-up synthesis of GNRs the unique 
magnetic edge-structure of ZGNRs has long been obscured from direct observation by an 
unusually strong hybridization of the zigzag edges with the surface states of the underlying 
support. To access the elusive edge magnetism in ZGNRs we developed a novel and broadly 
applicable technology that effectively decouples the highly reactive spin-polarized edge states of 
ZGNRs from the underlying metallic growth substrate. Introduction of a superlattice of 
substitutional nitrogen-atom dopants along the edges of a ribbon not only facilitates the electronic 
decoupling but introduces a highly sensitive local magnetic sensor. Differential conductance 
scanning tunneling spectroscopy shows a “Zeeman-like” spin splitting of the two electrons in the 
nitrogen lone-pair by the spin-polarized frontier bands of ZGNRs revealing a large exchange field 
corresponding to Beff ~ 1000 T lining the edges of the ribbon. 
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Climbing the ladder to next-generation conjugated ladder polymers 

Lei Fang, fang@chem.tamu.edu. Department of Chemistry, Texas A&M University, College 
Station, Texas, United States  

Backbone conformation and rigidity are essential factors in determining the properties of 
macromolecules, as well as the associated supramolecular assemblies and bulk materials. 
Pursuing a rigid and coplanar molecular conformation often represents one of the primary 
objectives when designing and synthesizing conjugated polymers for electronic and optical 
applications. This goal can be achieved by imparting a ladder type constitution in the polymer 
backbone. This talk includes our efforts on the synthesis of ladder type π-systems fused by 
various types of bonds, including kinetically formed covalent bonds, thermodynamically formed 
covalent bonds, coordinate bonds, and hydrogen bonds. The characteristic properties of selected 
examples of these ladder type π-systems are discussed in comparison with control compounds 
that are not rigid and coplanar. The fundamental chain rigidity of these polymers are investigated 
by using advanced neutron scattering techniques. The unique optical, electronic, electrochemical, 
and mechanical properties of these materials are achieved and tailored in the context of a wide 
range of applications such as electronics, energy storage, artificial muscles, and stimuli 
responsive materials. 

 

 
Conjugated ladder polymers synthesized through various bond formation mechanisms  
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Converting poly(diethynyl-para-phenylene) to soluble linear and 2D branched graphene 
nanoribbons using alkyne benzannulations 

Wesley Chalifoux, wchalifoux@unr.edu. University of Nevada Reno, Reno, Nevada, United 
States  

There has been increasing interest in the bottom-up synthesis of graphene nanoribbons (GNRs) 
over the past decade. These materials are of interest for device applications such as thin-film 
transistors (TFTs) due to their interesting electronic properties. The development of “bottom-up” 
synthetic approaches have advantages over “top-down” approaches such as the incorporation of 
solubilizing groups to improve processability. Another advantage is the ability to change 
functionality to tune the properties of the material. We have developed a high-yielding alkyne 
benzannulation strategy that provides 5-armchair GNR (5-AGNR) oligomers such as pyrenes and 
peropyrenes, and teropyrenes. Using a similar approach, we have synthesized a diethynyl-
substituted monomer that, upon polymerization, provides us with poly(diethynyl-para-phenylene). 
Treatment of this polymer with Brønsted acid induces a polycyclization reaction that results in 
highly soluble and ultra narrow (ca. 0.5 nm) 5-AGNRs (Figure 1). Using a seed monomer 
approach, our recent efforts have recently been towards 2D (branched) 5-AGNR polymers. The 
5-AGNR polymers have been characterized by solution-phase NMR, IR, Raman, and UV-vis 
spectroscopies as well as TEM and STM. This work will be presented. 

 

 
Figure 1. Bottom-up synthesis of 5-AGNRs. 

  



397 
 

Next-generation Synthesis & Structure for Pi-conjugated Polymers 

Semi-ladder foldable polymers for organic light emitting transistors (OLETs) 

Luping Yu, lupingyu@uchicago.edu. Chemistry, The University of Chicago, Chicago, Illinois, 
United States  

This presentation will focus on a critical issue in developing high-performance organic light-
emitting transistors (OLETs), namely, to balance the trade-off between charge transport and light 
emission in a semiconducting material. We investigated a series of semi-ladder polymers 
exhibiting high photoluminescent properties and moderate electrical properties. We discovered 
that one type of semi-ladder polymers forms coiled foldamers with intramolecular H-aggregation, 
which offers synergy between photoluminescent quantum yield and charge transport, leading to 
their exceptional OLET properties. An impressive external quantum efficiency (EQE) of 6.9% in 
solution-processed multi-layer OLET devices was achieved. 
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Extending pi-electron conjugation in two dimensions 

Dmytro F. Perepichka, dmitrii.perepichka@mcgill.ca. Chemistry, McGill University, Montreal, 
Quebec, Canada  

pi-Electron conjugation in graphene gives rise to unusual electronic properties including massless 
charge carriers. I principle, some of these properties can be harvested in organic two-dimensional 
(2D) conjugated polymers.[1] Currently, the most practical bulk syntheses of such materials relies 
dynamic covalent polymerization which, when run under thermodynamic control, can afford 
crystalline 2D (and 3D), dubbed covalent organic frameworks (COFs). I will present our recent 
work on developing new dynamic polymerization reactions, Michael addition-elimination[2] and 
aldol condensation,[3] for synthesis of pi-conjugated COFs and highlight the unusual chemical and 
optoelectronic properties of these materials. I will discuss the fundamental challenge in design of 
building blocks supporting an omnidirectional conjugation in two dimensions and share our 
solution to this challenge, based on stable radical/radical cation monomers/building blocks.[4] 
Finally, I will show synthesis of 2D conjugated polymer as single sheets (‘organic graphenes’) 
using surface-confined polymerization.[5] 
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Carbon-rich conjugated polymeric architectures enabled by dynamic covalent chemistry 

Wei Zhang, wei.zhang@colorado.edu. Chemistry, University of Colorado Boulder, Boulder, 
Colorado, United States  

Acetelynic polymers have received considerable attention due to their electronically unsaturated 
and highly conjugated structures, which have led to numerous discoveries in specialty polymers 
with tunable electronic properties. Compared to vinylene-linked polymers, ethynylenes form more 
rigid and shape persistent linear bonds, where their alkene analogs must deal with regioselectivity 
and rotational freedom about the double bond. It has been realized that due to the unique 
characteristics of ethynylene-based polymers, these systems hold unique electronic and optical 
properties that would be very difficult to mimic by their olefinic counterparts. However, till now the 
ethynylene-linked polymers are still mainly limited to 1D linear ones. The development of 2D and 
3D conjugated polymeric architectures would open many new possibilities for electronic, 
thermoelectric, and optoelectronic materials development for light harvesting, energy storage, 
and sensing applications. This presentation will focus on the design and synthesis of two carbon-
rich conjugated aromatic frameworks using dynamic imine and alkyne metathesis chemistry. The 
electron- and/or ion-conductivity of the resulting polymers, as well as their potential in energy 
storage application, will also be discussed. 
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Strapped-conjugated porous polymers 

Nagarjuna Gavvalapalli, ng554@georgetown.edu. Department of Chemistry, Georgetown 
University, Washington, District of Columbia, United States  

Appending solubilizing side chains to repeat units has enabled bulk solution-phase synthesis of 
π-conjugated polymers. This strategy also has enabled synthetic chemists to diversify the 
architecture and electronic nature of π-conjugated polymers by incorporating various repeat units, 
which led to the rapid development of polymer based electronic and energy storage devices 
including field-effect transistors, light-emitting diodes, photovoltaics, and batteries. Conjugated 
microporous polymers (CMPs) extend π-conjugation in more than 1-dimension and provide novel 
optical, electronic, and optoelectronic properties. However, the strategy of appending pendant 
solubilizing chains is not suitable to generate soluble 2D- π-conjugated materials due to strong 
interchain interactions. The lack of controlled synthesis, and solution processability of conjugated 
porous materials limits their structural diversification and use in various applications. Typically, 
solution-processable CMPs are generated via miniemulsion technique, which involves using 
surfactants to generate water dispersible CMP nanoparticles. However, there are no molecular 
level approaches to overcome the interchain interactions to generate self-dispersible conjugated 
porous polymers. In order to overcome the strong interchain interactions and render dispersible 
2D-π-conjugated materials, Gavvalapalli group has designed cycloalkyl straps containing aryl 
repeat units. Soluble 1D-pi-conjugated polymers without pendant solubilizing chains have been 
realized through this approach. In this talk, I will discuss the use of adamantyl strapped aryl units 
to generate dispersible conjugated porous network. A strategy to determine the network degree 
of branching and the impact of molecular straps on the conjugated porous network optical and 
electronic properties will be discussed. 
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Covalent organic frameworks for catalytic and energy storage applications 

Psaras McGrier, mcgrier.1@osu.edu. Chemistry and Biochemistry, The Ohio State University, 
Columbus, Ohio, United States  

Covalent organic frameworks (COFs) are a class of advanced materials that are composed of 
light elements (C, H, O, N, and B) linked via strong covalent bonds. COFs are generally 
constructed by using reversible bond forming reactions to yield crystalline materials with high 
surface areas, low densities, and high thermal stabilities. These features make COFs useful for a 
variety of applications. This lecture will discuss employing a bottom-up approach to create novel 
functional COFs that can bind small metal cations (e.g., Li, Ca, etc.), and some low-oxidation 
state transition metals (e.g., Ni(0), Ag(I), Co(II), etc.). The prospect of utilizing these COFs for 
applications related to catalysis and energy storage will be highlighted. 
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Deviate from the norm: A new design paradigm for low bandgap polymers via donor-
acceptor frameworks 

Evan w. Culver, Wyatt D. Wilcox, Elso Buyck, Seth C. Rasmussen, seth.rasmussen@ndsu.edu. 
Chemistry and Biochemistry, North Dakota State University, Fargo, North Dakota, United States  

For conjugated polymers, bandgap reduction is perhaps the most common target of molecular 
tuning, with the utilization of donor-acceptor (D-A) frameworks most often applied for the 
production of low bandgap (Eg < 1.5 eV) and reduced bandgap (Eg = 1.5-2.0 eV) polymers. Such 
D-A frameworks employ alternating electron-rich and electron-deficient moieties in order to 
produce a hybrid material with HOMO levels characteristic of the donor and LUMO levels 
characteristic of the acceptor, with the goal of reducing the HOMO-LUMO energy and achieving a 
lower bandgap. The widespread application of such frameworks has resulted in various 
assumptions and misconceptions in the literature, including the view that monomers act 
exclusively as donors, acceptors, or neutral spacers. At odds with this, however, is the discovery 
that thieno[3,4-b]pyrazines (TPs), a commonly applied class of acceptors, also exhibit properties 
of very strong donors, leading to their current description as ambipolar units. As TPs exhibit a 
high-lying HOMO, this should allow for a new design model in which TP units are paired with an 
acceptor, rather than the traditional pairing with a donor. Several such ambipolar-acceptor 
frameworks have now been successfully produced via direct arylation polymerization to give 
materials with bandgaps of 0.97-1.12 eV. The synthesis and characterization of such ambipolar-
acceptor frameworks will be presented, along with discussions of other potential ambipolar units 
and the potential broader applications of this new design paradigm. 
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Electron affinity umpolung of a stable quinoidal synthon for low band gap conjugated 
polymers 

Yi Liu, yliu@lbl.gov. Molecular Foundry, E O Lawrence Berkeley National Laboratory, Berkeley, 
California, United States  

Quinoidal units have received increasing interests for use in the design and synthesis of 
functional organic optoelectronic materials. A key to advance this field is the development of 
stable and easily accessible quinoidal units. para-azaquinodimethane (AQM) has recently been 
introduced as a stable, compact and readily available quinoid unit that incorporates nitrogen 
atoms in the central ring and substituents on the periphery. While AQM has shown impressive 
ability to tune bond length alternations within conjugated systems, based on which a wide variety 
of high carrier mobility, low band gap conjugated polymers have be obtained, it behaves as an 
electronically neutral species that is distinct from classical electron acceptors and electron 
donors. In this talk, I will present our methods of transforming such “electron neutral” quinoid into 
both strongly electron-deficient and electron-rich units (Figure 1). Such transformation is based 
on a facile SNAr type substitution reaction which introduces ionic pyridinium groups. The 
chemistry allows the “umpolung” of the electron density of the AQM to different extremes, 
enabling the design and synthesis of ultralow band gap polymers (lowest band gap is ~0.7 eV) 
that have shown excellent photothermal properties. 

 

 
Figure 1. The Umpolung of the “electron neutral” quinoidal p-AQM to give strong electron donor or 
acceptor units, both being used for the synthesis of low band gap conjugated polymers. 
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Novel cyclosilane building blocks for constructing tunable σ-π conjugated structures 

Qifeng Jiang, qjiang9@jhu.edu, Alexandra F. Gittens, Rebekka S. Klausen. Chemistry, Johns 
Hopkins University, Baltimore, Maryland, United States  

The organosilicon materials with σ-π conjugated structures have raised broad interest for their 
unique optoelectronic properties and potential application in photoresists, emitting polymers and 
semiconductive materials. However, the σ fragments in these materials were largely limited to 
linear oligosilanes due to the small number of suitable building blocks and synthetic methods. To 
address this, the Klausen lab has extensively explored the design, synthesis, and polymerization 
of cyclosilanes. Herein we developed a highly selective synthesis of new σ-π conjugated 
cyclosilanes through hydrosilation and investigated their potentials as building blocks for 
constructing novel conjugated polymers with tunable electronic properties. Among these 
interesting cyclosilane structures, we found the bis-(bromothienylvinyl) cyclohexasilane 
particularly attractive. Treatment of it with 2.0 equiv. of isopropylnagnesium chloride resulted in a 
fast and quantitative conversion to a di-Grignard reagent, which showed potential as a new σ-π 
conjugated building block. Therefore, a conjugated alternating copolymer was synthesized 
through Kumada polycondensation of the di-Grignard reagent and 2,5-dibromothiophene. The 
average number molecular weight of the copolymer is ca. 7000 g/mol. The cyclosilane fragments 
were preserved in the polymerization shown by NMR spectroscopy. A significant bathochromic 
shift in UV-vis absorption spectra was observed after polycondensation: cyclosilane-320nm, 
copolymer-450nm. Moreover, the copolymer emitted bright green light with a maximum intensity 
at 520 nm. The results suggested the evidence of σ-π conjugation in the copolymer. Furthermore, 
different cyclosilane units and π conjugated comonomers were studied for the polycondensation, 
yielding conjugated polymers with tunable optoelectronic properties. This work describes the 
potential for cyclosilanes to increase the structural diversity of conjugated polymers. 
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Simple and tailorable conjugated polymers enabled via electron-rich pyrrolopyrroles 

Graham S. Collier, gcollie6@kennesaw.edu. Kennesaw State University, Kennesaw, Georgia, 
United States  

Simplifying the synthesis of conjugated polymers is essential for these materials to find 
applicability in numerous technologies and achieve wide-spread commercialization. Traditionally, 
preparation of monomer and polymer units require multiple synthetic steps, with each step 
generating waste that influences cost and environmental considerations, or air/moisture-free and 
cryogenic reaction conditions. As a means to eliminate these hurdles, pyrrolo[3,2-b]pyrroles 
(H2DPPs) provide a new approach for synthesizing monomers that will participate in metal-
catalyzed cross-coupling polymerizations and access a diverse class of conjugated polymers. 
H2DPPs are excellent candidates for this because monomers are accessible in one synthetic step 
from commercially relevant starting materials (anilines and aldehydes), monomer synthesis is 
performed in air, and purification does not require chromatography. Dihalogenated H2DPP 
comonomers are easily synthesized and readily participate in molecular and polymeric metal-
catalyzed cross-coupling reactions to obtain a family of highly tailorable chromophores and 
polymers. Fundamental design-structure-property-relationships are established by studying 
synthesized polymers with optical (absorbance and fluorescence spectroscopies), 
electrochemical (cyclic voltammetry), and thermal (thermal gravimetric analysis and differential 
scanning calorimetry) characterization techniques. Beyond fundamental studies, this family of 
polymers demonstrates their utility in redox and solid-state applications, evident by functioning as 
high contrast electrochromes or active layer material in organic photovoltaics. The synthetic 
complexity of resulting polymers also is determined and utilizing H2DPPs yields alternating 
copolymers with synthetic complexity lower than more commonly studied analogues. Outcomes 
from this work provide a simpler approach for synthesizing conjugated polymers while 
maintaining tailorability and functionality in device-inspired measurements. 
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Pyrrole-based organic semiconducting materials for organic electronics applications 

Mihaela C. Stefan, mci071000@utdallas.edu. Chemistry and Biochemistry, University of Texas 
at Dallas, Richardson, Texas, United States  

Pyrrole is an excellent building block for the synthesis of organic semiconductors. However, the 
synthesis of pyrrole organic semiconductors is challenging because pyrroles are prone to 
oxidation. The smallest S, N-heteroacene, thieno[3,2-b]pyrrole is a good building block for organic 
semiconductors due to its electron density, asymmetry, and easily modifiable NH group. Recently 
we showed that organic semiconductors from thieno[3,2-b]pyrrole display “nearly-ideal” OFET 
characteristics without compromising charge carrier mobilities or threshold voltages. [1] We have 
varied the structure and topology to investigate the relatively under-explored banana shape 
thieno[3,2-b]pyrrole ole semiconductors and the influence of the heteroatom.  

Banana-shaped donor-acceptor molecules with benzothiadiazole, fluorinated benzothiadiazole 
acceptors, and thieno[3,2-b]pyrrole donor (TP-BT2T-BT and TP-FBT2T-TP) have been reported 
by our group, and the OFET parameters were evaluated in a bottom-gate/bottom-contact (BGBC) 
OFET architecture. Hole mobility of 0.08 cm2 V-1 s-1 was measured for the molecule (TP-BT2T-
BT) with benzothiadiazole as the acceptor. The molecule containing fluorinated benzothiadiazole 
(TP-FBT2T-BT) showed hole mobility of 1.57×10-3 cm2 V-1 s-1. Lengthening conjugation by 
synthesizing conjugated polymers was employed to facilitate hole transport and to obtain 
comparatively stable semiconductors. Our group reported the donor-acceptor polymer containing 
thienopyrrole donor and diketopyrrolopyroole acceptor, P(DPP-TP) (Figure 1), and the OFET 
parameters were evaluated with bottom-gate/top-contact (BGTC) OFET architecture. An increase 
in hole mobility to 0.12 cm2 V-1 s-1 was observed for the polymer (P(DPP-TP)) as compared to the 
conjugated small molecules. 

  



407 
 

Next-generation Synthesis & Structure for Pi-conjugated Polymers 

Crafting linear and radial conjugation through pi-conjugated polymers 

Eric Peterson1, Ruth Maust3, Ramesh Jasti3, Miklos Kertesz2, John D. Tovar1, tovar@jhu.edu. 
(1) Johns Hopkins University, Baltimore, Maryland, United States (2) Georgetown University, 
Washington, District of Columbia, United States (3) university of oregon, Eugene, Oregon, United 
States  

Cyclic conjugated molecules have garnered theoretical and synthetic interest for decades as 
unique continuous pi-electron systems with radial orientation of p orbitals. Our understanding of 
cyclic conjugation remains far behind the much more studied linear pi electron delocalization, 
especially in exotic systems maintaining both cyclic and linear conjugation pathways. In this 
contribution, we describe the synthesis and electronic properties of small-molecule and polymeric 
cycloparaphenylenes (CPPs) as part of extended linearly pi-conjugated frameworks. Arylene-
ethynylene linkers were installed on different positions of the CPP nanohoop, for example in 
“linear conjugation” with two alkynes on the same phenyl ring, or in “disjoint conjugation” as 
separated by three phenyl units on either side. We demonstrate new electronic states from this 
radial/linear mixing in both small oligomers and pi extended polymers. Quantum chemical 
calculations reveal these electronic processes to arise from multiple operative radial/linear 
conjugation pathways. We show how the disjointed substitution pattern necessarily forces 
delocalization through and around the CPP radial structure. Our findings are supported by 
extensive model studies to decouple the influences of the linear and radial contributions. These 
results affirm the unique nature of hybrid radial and linear pi electron delocalization operative in 
these new conjugation pathways. 
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Masquerading pi-conjugated polymer architectures 

Matthew Golder, goldermr@gmail.com. University of Washington, Seattle, Washington, United 
States  

Control of basic structural features in conjugated polymers, such as topology and chain 
conformation, has drastic implications on downstream physical properties. Sometimes, these 
behaviors are unanticipated based on the molecular structures alone. For example, the removal 
of chain ends transforms linear polymers into cyclic polymers. In addition, the introduction of 
seemingly rigid monomers with unexpected flexibility into a stiff polymer backbone leads to 
anamolous physical behavior. In this talk, the synthesis and characterization of conjugated 
polymers that fall into these categories will be discussed. 
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Functional conjugated polymers derived from a common set of enediyne building blocks 

Yang Qin, qinshou314@gmail.com. Chemical and Biomolecular Engineering, University of 
Connecticut, Storrs, Connecticut, United States  

Organic conjugated materials, including small molecule dyes, conjugated polymers and allotropes 
of carbon, have found widespread applications in modern electronic devices such as biological 
sensors, transistors, memory devices, lasers, and solar cells. Each application places unique and 
sometimes stringent requirements on the properties of the materials applied. Discoveries of new 
materials and properties can enhance performance of existing devices and lead to emerging 
applications. Thus, new synthetic methodologies for novel materials and basic understanding on 
the structure-property relationships are greatly sought after. 

We have developed facile synthetic methodologies for a set of trans-enediyne (EDY) molecules 
containing various aromatic moieties directly attached to the central double bonds. These EDYs 
can serve as versatile building blocks for a variety of functional conjugated polymers and we 
discuss our efforts in the following areas: (i) the first solution synthesis of polydiacetylenes 
(PDAs) using a newly developed acyclic enediyne metathesis (AEDMET) polymerization 
technique; (ii) the first examples of polytriacetylenes (PTAs) that contain aromatic groups directly 
attached to the polymer main-chains, through Glaser-Hay and Pd-catalyzed oxidative coupling 
reactions; (iii) Pt-segmented PDAs that contain cross-conjugated chromophores, differing from 
conventional Pt-bisacetylenide polymers; and (iv) boron-segmented polyacetylenes (BPAs), 
representing the first main-chain boron-containing conjugated polymers without aromatic groups. 
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Exploring new approaches to conjugated organoborane macrocycles and polymers 

Daisuke Shimoyama, Jingyao Zuo, Nurcan Baser-Kirazli, Frieder Jaekle, 
fjaekle@newark.rutgers.edu. Department of Chemistry, Rutgers University Newark, Newark, New 
Jersey, United States  

The optical and electronic properties of organic π-conjugated materials can be effectively 
modified and fine-tuned by embedding of heteroatoms. Of particular interest is the incorporation 
of electron-deficient boron atoms into the molecular skeleton. 
Aspects of our recent work will be discussed where we explore the incorporation of boron into 
conjugated oligomers, macrocycles, and polymers that exhibit desirable luminescent, sensory, 
electrochromic, or photovoltaic properties. We also discuss B-N Lewis pair-functionalized 
conjugated materials with unusual properties such as low HOMO-LUMO gaps, strong emission at 
long wavelengths, and the photo-induced generation of singlet oxygen. 
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Design strategy and applications of polyaniline derivatives 

Colleen N. Scott, cscott@chemistry.msstate.edu, Mohammed N. Almtiri, Hari Giri. Chemistry, 
Mississippi State University, Mississippi State, Mississippi, United States  

Advancement in organic device technology relies greatly on the processability, efficiency, and 
stability of the organic materials that comprise the devices. An in-depth understanding of the 
impact of the chemical structures on the electrochemical processes of conducting polymers (CPs) 
is of utmost importance to the development of durable redox materials. Polyaniline (PANI) stands 
out among the many different CPs, due to its outstanding air and moisture stability, simple 
preparation technique, high conductivity, and low cost. Many CPs have not gained large-scale 
commercial applications due to their lack of electrochemical stability and processability. Even so, 
these polymers have great potential for applications in many fields such as supercapacitors and 
batteries, electronic devices as hole-injection layers, solar cells, biosensors, and toxic metal 
recovery. Unfortunately, practical applications of pristine PANI in these fields are limited by the 
material’s electrochemical instability and the lack of standard deposition methods. These 
challenges are very difficult to overcome and all efforts to improve the electrochemical stability 
and processability of pristine PANI films have not been sufficiently successful. In this 
presentation, we will discuss our approach towards the development of processable PANI-
derivatives that are electrochemically stable by using heteroatom and side-chain engineering. 
Phenoxazine, phenothiazine, carbazole, and other heteroatom-fused cores are modified and 
polymerized to obtain PANI-like structures that are shown to be electrochemically stable and 
easily processable on a large scale due to their high solubility in common organic solvents. The 
polymers are also highly conductive and possess the usual electrochromic properties; as such, 
these properties are exploited in applications such as 3D printing of organic devices and 
stretchable supercapacitors. 

 
PANI-Derivatives 

  



412 
 

Next-generation Synthesis & Structure for Pi-conjugated Polymers 

Organic semiconductor structure measurements by polarized soft X-ray scattering 

Dean DeLongchamp, deand@nist.gov, Subhrangsu Mukherjee, Eliot Gann, Peter Dudenas, 
Camille Bishop. National Institute of Standards and Technology, Gaithersburg, Maryland, United 
States  

The materials science of organic electronics is rich and complex because one of its most 
attractive features, additive processing from fluids, almost always creates heterogeneity in the 
material structure. Nanoscale heterogeneities in composition, order, and orientation are now 
understood to strongly influence the performance of organic electronics materials in all kinds of 
devices including diodes, transistors, and sensors. Our ability to measure and correlate these 
heterogeneities to performance has grown enormously over the past two decades and mature 
techniques such as X-ray diffraction and transmission electron microscopy can now provide 
detailed information describing composition distributions and the location and orientation of 
ordered regions. One critical aspect that remains largely unexplored is the behavior of molecules 
in amorphous regions, particularly near crystals or at boundaries between crystals or between 
different materials. This frontier of materials structure has been unexplored due to a lack of 
methods sensitive to nanoscale orientation in disordered regions; for many methods, diffraction is 
a prerequisite. 

I will present a new framework for using Polarized Resonant Soft X-ray Scattering (P-RSoXS) to 
explore this frontier of materials structure in organic electronics and extract quantitative 
information describing nanoscale heterogeneities in composition, order, and orientation. This new 
framework relies on a GPU-accelerated forward simulation code base and data fusion 
approaches incorporating information from cutting-edge microscopy methods, with opportunities 
for coarse-grained or atomistic modeling. Examples will be shown in semicrystalline single-
component organic semiconductors for transistors, semicrystalline blends for organic 
photovoltaics, and even binary blends of pure glasses. Just as with more conventional aspects of 
organic semiconductor structure, P-RSoXS reveals a rich and complex panorama of unexpected 
and previously unmeasurable structural motifs in this heretofore unexplored frontier of 
characterization. 

 
Amorphous regions govern charge transport in organic semiconductors.  
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Integrating quinonoid units in π-conjugated polymers and their diradical characters 

Girishma Grover1, J. D. Tovar2, Miklos Kertesz1, kertesz@georgetown.edu. (1) Chemistry, 
Georgetown University, Washington, District of Columbia, United States (2) Chemistry, Johns 
Hopkins University, Baltimore, Maryland, United States  

Quinonoid elements in π-conjugated oligomers and polymers have promising characteristics by 
providing unique structures and electronic properties, including varying degrees of ground state 
open shell diradical character and small band gaps. So far quinonoid ground state polymers were 
rarely identified, and one of the goals of this work was to expand the portfolio of such systems. 
The dependency of the diradical character as a function of size and composition opens a rich 
space to discover trends affecting the aromaticity and diradical character. Herein we show that 
diradical character is a useful parameter to classify a wide variety of polymers and alternating AB 
copolymers. We found a correlation between the diradical character and the interring C-C 
distance as well as the singlet-triplet energy gaps. 

 

 
Diradical characters increase with size of conjugated oligomers. 
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Interrogating structure, dynamics, and disorder in organic semiconductors 

Chad Risko, chad.risko@uky.edu. University of Kentucky, Lexington, Kentucky, United States  

The design of π-conjugated polymers for solution-deposited organic semiconductors commonly 
considers the chemical modulation of (i) the π-conjugated backbone to modify the electronic and 
optical characteristics and (ii) the alkyl-based side chains to govern solubility. During solution 
deposition and solidification of the semiconductor, physical interactions among these constituents 
and their solution environment play an important, yet not well understood, role. Here we will 
discuss the development of computational models to interrogate how the chemistry of π-
conjugated polymers impact polymer structure and dynamics and the resulting properties of 
materials derived from these building blocks. The chemical insight developed through these 
investigations is beginning to refine and offer new understanding essential to the development of 
next generation organic semiconducting active layers. 
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Synergistic dual transition metal catalysis for the synthesis of semiconducting polymers 

Christine K. Luscombe, christine.luscombe@oist.jp. pi-Conjugated Polymers Unit, Okinawa 
Kagaku Gijustu Daigakuin Daigaku, Onna, Okinawa, Japan  

In recent years, direct arylation polymerization (DArP) has attracted increasing interest as a 
method to prepare conjugated polymers in contrast to conventional cross-coupling 
polymerizations. The most appealing aspects of DArP are reduced organometallic waste and 
improved step economy as no organometallic prefunctionalization is required. DArP is 
distinguished as a sustainable and atom-economic approach for constructing C-C bonds over 
traditional coupling methods by features including generating benign by-products and only 
requiring functionalization of one component with routine and bench-stable halogens. However, 
DArP is not without issue – specifically, selectivity and control over the polymerization can be 
difficult to achieve. 

Synergistic catalysis involves the use of more than one catalyst to activate different substrates to 
enable reactions that were not achievable before. In light of the aforementioned issues related to 
DArP, our group has been investigating the use of the combination of Pd/Ag or Au/Ag as 
synergistic catalysts. The mechanistic study of Pd/Ag co-catalyzed cross dehydrogenative 
coupling (CDC) polymerization to synthesize a donor-acceptor (D-A) polymer is presented, which 
go counter to Carothers equation. It is uncovered that the 2nd chain extension cross-coupling 
proceeds much more efficiently than the 1st cross-coupling and the homo-coupling side reaction 
leading to unexpectedly high molecular weight polymers. Kinetic analyses show that C-H bond 
activation is rate-determining in the 1st cross-coupling but not in the 2nd cross-coupling. 
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Mechanochemical Suzuki polymerization for the synthesis of soluble polyfluorenes 

Tharika Nirmani, Fathima Pary, Toby L. Nelson, tobylnelson@gmail.com. Chemistry, Oklahoma 
State University, Stillwater, Oklahoma, United States  

Presented will be the synthesis of poly(9,9-di-n-octylfluorenyl-2,7-diyl) (PF), poly(9,9-
dioctylfluorene-alt-benzothiadiazole (PFBT), poly[(9,9-bis(3’-(N,N-dimethylamino)propyl)-2,7-
fluorene)alt-2,7-(9,9-dioctylfluorene)] (PFN) by catalytic mechanochemical Suzuki polymerization. 
This mechanochemical synthesis technique can yield soluble functionalized polyfluorenes and its 
derivatives in as little as five minute milling time. Reaction parameters such as milling time, milling 
frequency and catalyst loading were assessed to determine their impact on polymer molecular 
weights, polydispersity and yield for catalytic ball milled polymerization reactions. Furthermore, 
the polymer light emitting diode and photovoltaic interfacial electrolyte, poly(9,9-bis(3’-(N,N-
dimethyl)-N-ethylammoinium-propyl-2,7-fluorene)-alt-2,7-(9,9-dioctylfluprene))dibromide (PFN-Br) 
was obtained via a facile mechanochemical quaternization reaction at the terminal amino groups 
of PFN. 
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Degradation chemistry of organic semiconductors 

Jianguo Mei, jgmei@purdue.edu. Purdue University, West Lafayette, Indiana, United States  

In this talk, we will introduce the degradation chemistry of organic semiconductors. Organic 
semiconductors have made rapid advancements when it comes to design, synthesis, 
functionalization, performance, and diverse applications. However, the degradation chemistry of 
organic semiconductors is largely unknown under different stressors. To push organic 
semiconductors and electronics into markets, it is essential to understand how they would 
degrade and the pathways. We will share our latest development in this regard. 
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Developing a tool kit to tune the performance of conjugated polymers by post-
polymerisation modification 

Martin J. Heeney, m.heeney@imperial.ac.uk. Chemistry, Imperial College London, London, 
London, United Kingdom  

Controlling the band gap, molecular packing and absolute energy levels of conjugated polymers 
and oligomers is fundamentally important for their utilisation in a diverse range of applications. 
Most approaches utilize the co-polymerisation of various co-monomer materials for this goal. 
However, establishing structure-property relationships by varying co-monomer ratio can be 
challenging, as it is difficult to disentangle the influence of changes in the backbone chemistry 
from variations in polydispersity, molecular weight and defects. In principle controlling such 
properties by post-polymerisation functionalisation is an interesting approach to tune materials 
properties, provided that functionalization chemistries can be developed with close to quantitative 
yields. Such reactions can also enable the introduction of sensitive groups which would not 
tolerate the polymerization conditions. Here I will discuss out recent work towards developing 
quantitative reactions for backbone modification. I will discuss the development of reactive end 
groups and co-monomers which can be readily modified in quantitative yield and discuss how this 
influences polymer properties. I will further discuss how such approaches can be utilised to make 
graft co-polymers which are responsive to various stimuli. The utilisation of such approaches to 
readily tune the side-chain, and therefore phase segregation behaviour, of donor polymers for 
organic solar cells will also be explored. 
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Modelling carbyne with sp-hybridized carbon oligomers and polymers 

Rik R. Tykwinski, rik.tykwinski@ualberta.ca. Department of Chemistry, University of Alberta, 
Edmonton, Alberta, Canada  

Molecules featuring a conjugated sequence of sp-hybridized carbon atoms can take the form of 
either oligoynes or [n]cumulenes. The two classes of molecules differ structurally based on the 
terminal carbons of the conjugated framework, namely sp-carbons for oligoynes and sp2-carbons 
for cumulenes. In shorter derivatives, the so-called endgroups often play a defining role in the 
structural-property characteristics of oligoynes and [n]cumulenes. At longer lengths, however, the 
influence of endgroups diminishes as the effective conjugation length is reached, and properties 
reach a consistent value that is independent of length. In the case of oligoynes and [n]cumulenes, 
this point would provide a polymer (e.g., a polyyne) with characteristics of carbyne, the linear 
allotrope of carbon derived from sp-hybridized carbon. The molecular length necessary for oligo-
/polyynes and [n]cumulenes to model carbyne remains, however, unknown. 

To study polyynes and [n]cumulenes, the development of synthetic methods that overcome 
and/or circumvent the kinetic instability of longer molecules must be addressed. We have devoted 
significant effort toward the synthesis of polyynes and [n]cumulenes with unprecedented lengths, 
yet the properties of carbyne remain elusive (at least when not encased within a nanotube). 
Nevertheless, our path toward carbyne has revealed many intriguing properties for oligoynes, 
polyynes, and [n]cumulenes. For example, it is often posited that steric shielding is crucial toward 
stabilization of oligoynes and [n]cumulenes by preventing intermolecular cyclization reactions. 
Our studies show, however, that steric bulk is equally important toward preventing other 
decomposition pathways in [n]cumulenes and polyynes. We have also demonstrated that 
molecular symmetry plays a significant role in the electronic absorptions as one progresses from 
oligoynes to polyynes, while symmetry in [n]cumulenes can be used to explore electrohelicity. 
Finally, appropriately substituted oligoynes or [n]cumulenes can function as molecular wires as a 
result of their linear, conjugated structures. This presentation will explore selected synthetic, 
electronic, and structural properties of sp-hybridized molecules we have discovered on our 
journey toward carbyne. 
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Epilogue of our cyclopenta-fused polycyclic aromatic hydrocarbon journey 

Kyle N. Plunkett, kplunkett.online@gmail.com. Chemical and Biomolecular Sciences, Southern 
Illinois University Carbondale, Carbondale, Illinois, United States  

This presentation will highlight our 10 years of work in the field of cyclopenta-fused polycyclic 
aromatic hydrocarbon (CP-PAH) based materials. Special emphasis will be given towards our 
recent small molecule work based on new electron acceptors based on anthanthenes and our 
recent conjugated polymer work that utilizes a palladium-catalyzed cyclopentannulation 
polymerization to prepare donor-acceptor polymers that incorporate dicyclopenta[cd,lm]perylene 
and dicyclopenta[cd,jk]pyrene acceptor units. A series of anthanthene-based materials that are 
prepared from the inexpensive Vat Orange 3 (4,10-dibromoanthanthrone) will be described that 
are reasonable electron acceptors with LUMO energies of -3.4 eV to -3.9 eV. The ramifications of 
different electron donor and accepting substituents to the anthanthrene core will be discussed. 
Finally, donor-acceptor copolymers that combine the CP-PAH acceptor with a series of donor 
architectures will be presented. The new polymers are broadly absorbing in the solar spectrum 
with optical gaps of 1.38 eV to 1.85 eV, depending on the monomer composition. The variation in 
structure-property relationships of these polymers will be discussed. 
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Rational monomer design to interrogate sequence control of donor-acceptor conjugated 
polymers synthesized by ROMP 

Stephen Koehler, sjk73@psu.edu, Margaret Gerthoffer, Benton Bickerton, Tanner Wolf, 
Elizabeth Elacqua. Department of Chemistry, The Pennsylvania State University, University Park, 
Pennsylvania, United States  

Poly(p-phenylene vinylene)s (PPVs) were studied early on as materials in many organic 
electronic devices. More recently, donor-acceptor (D-A) polymers have been demonstrated to be 
the most promising motif in developing high performance organic electronic materials. D-A PPVs, 
which combine both of these motifs, are a largely underexplored class of conjugated polymers 
owing to insufficient methods to synthesize them. To overcome this gap, we use a tunable and 
highly strained paracyclophane-1,9-diene (pCpd) framework with a pre-defined D-A sequence. 
The pCpd monomer is polymerized using ROMP, a functional group tolerant living polymerization 
technique which allows for well-controlled, targetable molecular weights as well as the synthesis 
of block copolymers. Given that ROMP is both sterically and electronically governed, we can 
selectively modify alkyl chains with varying steric bulk to manipulate the sequence of polymers. 
Herein, we detail recent efforts to design pCpd monomers that yield sequence-defined D-A PPVs. 
In addition to sequence characterization, we investigate how monomer substitution impacts both 
polymerization and the resulting optical properties. 
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Polymer Characterization for Sustainability: Recycling 

Monday, 08:00am - 12:00pm USA / Canada - Central - 
August 22, 2022 | Location: S102d (McCormick Place 
Convention Center) 
David Meunier, Organizer, Presider; Yujing Tan, Organizer 
Session Type: Oral - In-person 
Co-Sponsor/Theme: Theme: Sustainability 
Division/Committee: [POLY] Division of Polymer Chemistry 
 
3718409 - Characterization of degraded and model post-
consumer resins to support emerging needs in materials 
sustainability 
08:00am - 08:30am 
Sara Orski, Presenter 
 
3740039 - Characterization of recycled polymers recovered 
from multilayer plastic packaging films by solvent-targeted 
recovery and precipitation (STRAP) (on demand) 
08:30am - 09:00am 
Victor Sanfins Cecon, Presenter; Kevin L. Sánchez-Rivera1; 
George Huber; Reid Van Lehn; Greg Curtzwiler; DR. Keith 
Vorst 
 
3729072 - Silicone additives enhance sustainability in wood 
plastic composites 
09:00am - 09:30am 
Jeremy Beebe, Presenter; Igor Chorvath; Marc-Andre 
Courtemanche; Jim Keenihan; Jodi Mecca; Keith Bruce; 
Paul Vlasak; Brandon Weinlander; Sean Gaal; Tom Parsons 

 
3731724 - Improved understanding of PET/PC 
transesterification and quantitative characterization of its 
copolymer structure 
09:30am - 10:00am 
Dr. Yiyong He, Presenter; Michal Porter; Mark Barger; 
Stephane Costeux; Joseph Kiefer 
 
Intermission - 10:00am - 10:30am 
 
3742737 - Analytics to support innovation in the polymeric 
circular economy 
10:30am - 11:00am 
Jeanne Hankett, Presenter 
 
3743345 - Model PCR study to understand the effect of 
contaminants on film properties 
11:00am - 11:30am  
Christopher Thurber, Presenter; Mubashir Ansari; Jin 
Wang; Kurt Olson; Daniel Roscioli; Craig Gorin; Carl 
Reinhardt; Yongchao Zeng; Keran Lu; Jill Minick Martin; 
Isabel Arroyo; Ester Caro; David Keely 
 
3739992 - Carbon dioxide sequestering ability of 
polyaramid capsules in cementing (on demand)  
11:30am - 12:00pm 
Dr. Elizabeth Contreras, Ph.D., Presenter; Ashok Santra; 
Kenneth Johnson; Georgesha Ross 
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Molecular degradation mechanisms of polymer surfaces under UV irradiation investigated 
by nonlinear optical spectroscopy 

Zhan Chen, zhanc@umich.edu. Chemistry, University of Michigan, Ann Arbor, Michigan, United 
States  

Polymer materials for industrial, medical, and household use can be degraded by sun light, 
especially by the UV portion of the sun light. In this research, we applied a nonlinear optical 
spectroscopic method, sum frequency generation (SFG) vibrational spectroscopy, to study 
molecular surface structural changes of various polymer materials after exposed to UV irradiation. 
SFG is a second order nonlinear optical spectroscopic method, the selection rule of which 
indicates that it has sub-monolayer surface specificity. Here SFG was applied to investigate 
surface structural changes of plasticized poly(vinyl chloride) (PVC) as a function of plasticizer 
bulk concentration, UV irradiation wavelength, and UV irradiation exposure time. In addition, SFG 
was applied to study the surface degradation under UV irradiation with H2O2. With the help of 
supplemental analytical tools such as secondary ion mass spectrometry, FTIR, and 
chromatography, detailed molecular degradation mechanisms of plasticized PVC surfaces were 
deduced by SFG. SFG has also been applied to study surface degradation mechanisms of 
polypropylene, nylon, polyurethane, and poly (methyl methacrylate) under UV irradiation. SFG 
spectra collected from the polymer surfaces in the C-H, N-H and C=O stretching frequency 
regions provided in-depth understanding on surface structural changes of various polymers under 
UV irradiation, demonstrating that SFG is a powerful technique to elucidate molecular 
degradation mechanisms of polymer surfaces after UV irradiation. 
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Comprehensive characterization of microplastics and nanoplastics in analytical science: 
An overview of experimental considerations 

Robert Ellis-Hutchings2, Wayde V. Konze1, Yuming Lai1, Jim Luong3, Gregory F. Meyers1, Peter 
Sandkuehler4, Cristina Serrat5, Eva Tudela Palomar6, William Woodward1, 
w.h.h.woodward@gmail.com. (1) Core R&D, The Dow Chemical Company, Midland, Michigan, 
United States (2) Toxicology & Environmental Research & Consulting, The Dow Chemical 
Company, Midland, Michigan, United States (3) Core R&D, The Dow Chemical Company, Fort 
Saskatchewan, Alberta, Canada (4) Packaging and Specialty Plastics and Hydrocarbons, The 
Dow Chemical Company, Horgen, Germany (5) Packaging and Specialty Plastics and 
Hydrocarbons, The Dow Chemical Company, Freeport, Texas, United States (6) Core R&D, The 
Dow Chemical Company, Terneuzen, Netherlands  

The ubiquitous presence of microplastics in natural environments has made this a rapidly 
increasing topic of interest in recent years, because of its potential implications to sustainability. 
As this research grows, there is a collective dialogue around standardized characterization. For 
example, it is common in the literature to report values related to particle concentration (e.g. 
particles per liter). Yet, comprehensive characterization may include such particulars as particle 
size distribution, particle shape, polymer type, polymer degradation, and entrained small-
molecule identification, among others. No single analytical technique can provide all of these 
characterization parameters across all particle size regimes. Ergo, the need for a standardized 
workflow that is fit for characterization also becomes evident. This talk will present a compilation 
of experimental considerations for commercially available analytical techniques such as 
boundaries, accuracy, precision, throughput, cost, operator experience, and sample 
contamination. 
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Characterization of environmental micro-plastics originated from polyolefins 

Atsushi Takahara1, takahara.atsushi.150@m.kyushu-u.ac.jp, Tomoko Kajiwara1, Yingjun An1, 
Adchara Padermshoke1, Sono Sasaki3, Hiroshi Jinnai2. (1) Research Center for Negative 
Emission Technologies, Kyushu Daigaku, Fukuoka, Fukuoka, Japan (2) Tohoku Daigaku, Sendai, 
Miyagi, Japan (3) Kyoto Kogei Sen'i Daigaku, Kyoto, Kyoto, Japan  

Plastics pollution of the oceans, rivers, and soil has become a serious issue in recent years. 
EspeciallyEspecially, plastic wastes with size of 5 mm or less are called microplastics (MPs). In 
this presentation, structure and physicochemical properties of microplastics collected from the 
surface layer in the sea near Japan were characterized. The target sample size in this study is on 
the order of mm which was collected by Neuston net and can be observed with the naked eye. 
Since MPs were floatedflown on the surface of the sea, collected MPs were mainly composed of 
polyethylenepolyolefins and foamed polystyrene (PS) foams whose which density were lower 
than sea water. Polymer components in MPs were characterized by polarizing optical microscopy 
(POM), differential scanning calorimetry(DSC), transmission electron microscopy (TEM), infrared 
(IR) spectroscopy and wide-angle X-ray diffraction (WAXD). MPs which showed birefringence 
were crystalline polyolefin and without birefringence was mainly foamed PS foam. Cross sectional 
TEM observation of cross section of MP which was identified as PP revealed the presence of 
degraded amorphous phase on the surface. WAXD results revealed that the polyolefin film or 
plate was fragmented while maintaining the orientation state of the crystallite in the film to some 
extent. As a result of IRinfraredmicroscopic spectroscopic measurement of cross section of 
polyolefin MP, it was clarified that oxidation was proceeded from the surface. In addition, from the 
results of nanoindentation of MP which was identified as PP, it was revealed that the surface of 
MP became brittle due to photo-oxidative degradation. In additionFurthermore, this presentation 
contains the study which focuses on the mechanism of MP formation by evaluating the structure 
and physical properties of polyolefin fragments generated by mechanically stimulating polyolefins 
with and without oxo-degradable additives after artificial weathering. 
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Investigation of polyethylene weathering with a combination of analytical techniques 

Shuqing Zhang1,2, zhangsq@umich.edu, Ting Lin1,2, Chengcheng Zhang1, Rachel Cable3, 
Jessica Choi3, Piyush Thakre4, Cristina Serrat4, Yujing Tan5, Jing Hu5, David M. Meunier5, 
Yuming Lai5, Melissa Duhaime3, Zhan Chen1,2. (1) Chemistry, University of Michigan, Ann Arbor, 
Michigan, United States (2) Macromolecular Science and Engineering, University of Michigan, 
Ann Arbor, Michigan, United States (3) Ecology and Evolutionary Biology, University of Michigan, 
Ann Arbor, Michigan, United States (4) The Dow Chemical Company, Freeport, Texas, United 
States (5) The Dow Chemical Company, Midland, Michigan, United States  

Plastic makes up a good portion of solid waste due to its increased use, posing potential risk to 
environmental health and resource sustainability. Among plastics, polyethylene is one of the most 
used due to its broad application. There are emerging studies on the environmental weathering of 
polyethylene to establish knowledge of the fate of plastic debris and to devise strategies to 
mitigate plastic accumulation. In this study, polyethylene samples were subjected to individual or 
combined treatments of simulated solar exposure and in situ exposure in lake deployment 
(experimental freshwater lake systems in North America) at different levels. Analyses based on a 
combination of characterization techniques were applied to measure the physical and chemical 
changes of the samples. The results reveal the structural changes of the polyethylene materials 
based on an increased hydrophilicity, greater number of polar groups, increased degree of 
crystallinity, and higher elastic modulus. It was found that the structural changes are dependent 
on both sample properties (e.g., density) and experimental treatment conditions (e.g., UV 
exposure time, lake deployment depth). This research demonstrated that the combined use of 
various analytical tools provides a more complete picture of the polyethylene degradation process 
and systematic knowledge of the environmental fate of plastics. 
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Characterizing the single molecule mechanics that impact polymer material lifetime 

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

The limits of how far a polymer network can be stretched, and how hard it is to tear, are related at 
least in part to how far its constituent strands can be extended and how much energy they absorb 
before they break. These molecular characteristics can now be modified through synthesis and 
quantified through single molecule force spectroscopies across a range of behaviors that allow 
chemical models of polymer network behavior to be established and, potentially, polymer lifetime 
performance to be improved. 
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Hyper cross-linked polymers: A mini-review 

Asad Maqsood1,2, asadali4993@gmail.com. (1) Chemistry, University of Sahiwal, Sahiwal, 
Punjab, Pakistan (2) Chemistry, COMSATS University Islamabad Faculty of Science, Lahore, 
Punjab, Pakistan  

Hyper Cross-Linked Polymers (HCP) were first synthesized in the 1970s. HCPs can be prepared 
with different techniques by using Friedel Craft’s Alkylation process. Crosslinkers are used which 
provide porosity. These can be included in Nanoporous class of compounds because of their very 
small size and cross-linking ability to interact with monomer molecules. Later, Tan and his 
colleagues were able to describe a Knitting strategy for their formation. They can be used in 
numerous ways depending upon the monomer used and applied conditions. Hyper Cross-Linked 
Polymers (HCPs) find their applications in gas storage, drug delivery, removal of heavy metal 
ions, oil spillage removal, formation of a heterogeneous catalyst, removal of sulfur and nuclear 
waste, adsorption of molecules, gas sorption, chromatographic separation, gas capturing (such 
as CO2, H2, N2) and wastewater treatment. This review article focuses on some recent studies 
carried out on Hyper Cross-Linked Polymers including chemical and physical properties, 
theoretical studies using some synthetic approaches, and their characterization. 
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Degradation kinetic studies of in-situ polymerized EP and EP-1-hexene/LDH 
nanocomposites 

HASSAM MAZHAR1, g201803660@kfupm.edu.sa, Mamdouh Al Harthi1,2. (1) chemical 
engineering, King Fahd University of Petroleum & Minerals, Dhahran, Saudi Arabia (2) Center for 
Refining and Advanced Chemicals, King Fahd University of Petroleum & Minerals, Dhahran, 
Saudi Arabia  

LLDPE is a less crystalline polymer with vast domestic and industrial applications. The synthesis 
of nanocomposites constituting the polymer and nanomaterials has received great interest in 
recent years. The in-situ synthesis of the polymer nanocomposite is an effective route to obtain a 
uniform dispersion and exfoliation of the nanosheet within the polymer matrices, to obtain a 
composite material with amazing properties. Herein, we are presenting the synthesis and thermal 
degradation studies of the co-, ter-polymerized ethylene-propylene (EP), EP-1-hexene(EPH)-
ZnAl-LDH nanocomposites. 

The ZnAl LDH was synthesized by the coprecipitation method to form nano-sheets and the 
characteristic peaks obtained by XRD spectra (fig-1b) and the SEM images (fig-1a)confirmed the 
formation of the layered material. Heat-treated 15 mg (about 0.3% of the polymer product) ZnAl 
LDH was added along with 6 mg Cp2ZrCl2 catalyst, 5 ml methyl aluminoxane, and 80 ml toluene 
solvent in a schlenk flask. EP gas mixture in 95:5 molar ratio was supplied to the at 5psi to form 
EP/LDH while for EPH/LDH 1 ml 1-hexene was also injected to the flask. 

The thermal characterizations of the polymer and its nanocomposites were performed using 
differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). The DSC plot(fig-
1c) reveals that the introduction of 1 ml of 1-hexene to the reaction system influenced the melting 
temperature (Tm) of the resultant polymer significantly. The Tm difference between EP and EPH 
was about 9 degrees C, while the introduction of LDH slightly alter the Tm from their 
corresponding analog. The TGA data obtained at multiple heating rates were utilized to estimate 
the degradation mechanism by deploying the master plot technique and combined kinetics 
analysis. 

 
Figure 1: (a) SEM image (b) XRD peak of ZnAl (C)DSC curve for the polymer samples 
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Role of polymer characterization in developing engineered polysaccharides by enzymatic 
polymerization 

Yefim Brun1, yefim.brun@iff.com, Brian McCauley1, Natnael Behabtu2. (1) Pharma Solutions, 
International Flavors & Fragrances Inc, Wilmigton, Delaware, United States (2) Nutrition & Health, 
International Flavors & Fragrances Inc, Leiden, Netherlands  

The ability to enzymatically produce various polysaccharides gives an opportunity for creating 
sustainable scalable novel biomaterials with unique molecular architecture and important 
application properties. Using wild or specifically modified enzymes, such process polymerizes 
sucrose into engineered polysaccharides. One important class of such polysaccharides, i.e. 
homopolymer of glucose (glucan), is being intensively studied in IFF for last several years. 
Depending on glycosyltransferase used in the synthesis, different types of glycosidic linkages 
between individual glucose units could be established, resulting in a broad variety of glucan 
polymers. In current presentation, we review various engineered glucans produced with emphasis 
on characterization of their molecular and supramolecular structures and establishing structure-
property correlations. 

One important example is alpha-1,3-polyglucan (alpha-1,3-glucan). It is a structural “cellulose-
like” insoluble linear polysaccharide. Depending on molecular weight, it changes its 
conformations in solution, creating unique supramolecular structure and particle morphology from 
multiple intra-and intermolecular hydrogen bonding. We describe how various characterization 
methods, e.g. multidetector size-exclusion chromatography, scattering and rheology, demonstrate 
the intermolecular organization of this polymer in solution and solid states. 
Another example is hyperbranched mixed-linkage glucan comprising of alpha-1,6 and alpha-1,3 
glycosidic bonds. The huge size of its macromolecules and extremely high polydispersity make 
the traditional characterization methods like Size Exclusion Chromatography and Field flow 
Fractionation ineffective. We will demonstrate a novel separation approach, incorporating both 
size-exclusion and hydrodynamic mechanisms of separation, which reveals a complex molecular 
and supramolecular architecture of this polymer. 

Many enzymatic glucans require further chemical modification to produce the needed end-use 
properties. In this process, the hydroxyl groups in the original molecules are substituted with 
various functional groups. Using novel interaction polymer chromatography approaches we show 
how the process conditions affect the position of such group inside the glucose units, as well as 
their distribution along and between polymer chains.Specific examples include glucan esters and 
ethers, as well as glucan polyelectrolytes with quaternary amines and caboxymethyl groups 
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Modeling tool for the separation of polymers 

Stephan Moyses, stephan.moyses@sabic-ip.com. SABIC Americas Inc, Houston, Texas, United 
States  

In the past decades, plastics have seen a continuous expansion into new applications. This 
required the development of new polymers and materials enabled in part by many advances in 
separation science. Today, the demand for polymers designed for sustainability is emerging as a 
new force thrusting innovation. To support this, polymer separation science will continue to be 
front and center because the various modes of separation (SEC, LAC, LCCC,...) provide a 
deeper understanding of the structure-property relationships. Arguably, there is a need for a tool 
to support the interpretation of increasingly detailed data. Modeling may be an interesting option if 
it enabled one to establish the relationship between the polymer microstructure and its 
chromatogram. In this presentation, I will describe a modeling tool for polymer separation and 
explain how it may be used as an aid for data interpretation and method development. 
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Novel ion-exchange interaction polymer chromatography method to characterize 
engineered polysaccharides being developed as sustainable replacements of synthetic 
incumbents 

Brian McCauley, brian.mccauley@iff.com, Yefim Brun. International Flavors & Fragrances Inc, 
Wilmington, Delaware, United States  

Polysaccharides which contain ionic functionality have been found to be useful in a variety of 
potential applications—showing performance, health, and sustainability advantages over 
incumbent synthetic materials. Product development for these applications relies upon 
characterization of the amount and distribution of ionic functional groups along the polysaccharide 
backbone. Specific applications require a certain level of derivatized functionality, or degree of 
substitution (DoS), to be effective and assure biodegradability. Thus, distribution of these 
functional groups along the polysaccharide chain directly relate to material performance. 

Degree of substitution for a functionalized polymer is often determined through bulk measurement 
by methods such as titration, spectroscopy, or NMR. Although these are reliable methods to 
provide average DoS determinations, they do not provide specific information about how these 
groups are distributed (sometimes called inhomogeneities). Likewise, if there is heterogeneity 
between different polymer chains (i.e., a mixture of chains with different DoS), bulk measurement 
techniques would only provide an average DoS for the mixture. 

Novel HPLC-based separations techniques have been developed to help characterize degree of 
ionic character on intact, water-soluble polysaccharides with derivatized ionic functional groups. 
This method utilizes principles of gradient interaction polymer chromatography (IPC) to separate 
polymers by chemical characteristics independent of molecular weight. Gradient IPC methods 
have been widely used on synthetic polymer characterization, most often utilizing common 
reverse- and normal-phase chromatographic conditions. 

Through systematic method development, we have found conditions which provide first-of-its-kind 
ion exchange-based polysaccharide separation. With these chromatographic separations—
sensitive to the distribution of ionic functional groups—we look to add more detail to the 
characterization of these cationic- and anionic-functionalized polysaccharides, which may prove 
vital to process and product development, ensuring that materials maintain both application 
performance as well as meeting sustainability and biodegradability goals. 
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Synthesis of bio-derived monomers for alicyclic polyesters 

Tiffany N. Thompson1,2, tnthomp1@vt.edu, Alex Coley2, Michael D. Schulz2,1. (1) 
Macromolecular Science and Engineering, Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States (2) Chemistry, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States  

The environmental and non-renewability concerns associated with petro-derived source materials 
severely hamper their utility in sustainable plastic production. The projected increase in plastic 
demand over the next several decades signals a burgeoning need to utilize bio-derived 
renewable platforms in the production of plastic materials. We report the synthesis of a bio-
derived monomer, cis-norpinic acid (NPA) from the terpene (1s)-(-)-verbenone for the synthesis of 
alicyclic polyesters. NPA was synthesized via 2 steps. First, (1s)-(-)-verbenone was converted to 
cis-norpinic intermediate (NP), by ruthenium-catalyzed oxidative cleavage of verbenone followed 
by a haloform reaction to obtain the dicarboxylic acid. Successful synthesis of the NP was 
confirmed by 1H and 13C NMR with the appearance of the carboxylic acid and methyl ketone 
protons at 12 and 1.4 ppm respectively in the 1H NMR, and the presence of the carboxyl and 
methyl ketone carbonyls at 173 and 207 ppm respectively in the 13C NMR. Conversion of NP 
intermediate to NPA was then confirmed by 13C NMR by the presence of the carboxyl carbonyl 
carbon at 174 ppm and the disappearance of the methyl ketone carbonyl peak. NPA will also be 
reduced to its diol analog, cis-norpinic alcohol (NPol), to be used in producing a series of 
biobased alicyclic polyesters. The thermo-mechanical and degradative properties of the 
polyesters will be assessed and compared to commercially available polyesters such as 
poly(ethylene terephthalate) (PET) and poly(cyclohexylenedimethylene terephthalate (PCT). 

 
Alicyclic Polyesters from Bioderived Sources  
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Ordered microdomain morphologies in saccharide-containing block copolymers 

Minji Seo1, Jiwon Kim1, Hayeon Kim2, Eunji Lee2, Sheng Li1, shengli@kaist.ac.kr. (1) Chemical 
and Biomolecular Engineering, Korea Advanced Institute of Science and Technology, Daejeon, 
Daejeon, Korea (the Republic of) (2) Materials Science and Engineering, Gwangju Institute of 
Science and Technology, Gwangju, Korea (the Republic of)  

Hybrid block copolymers containing both oligosaccharide and synthetic polymer components 
have attracted much interest in recent years as sustainable material alternatives. In particular 
block copolymers containing saccharides are capable of microphase separation at small 
molecular weights, leading to the formation of ordered morphologies with sub-10 nm feature 
sizes. We synthesize ABA-type triblock copolymers containing polystyrene as the synthetic mid-
block and either trisaccharide maltotriose (MT) or disaccharide maltose (Mal) as the end blocks. 
The polymers are prepared by a combination of atom transfer radical polymerization (ATRP) and 
click reaction, and their bulk morphologies are examined by small-angle X-ray scattering (SAXS) 
and transmission electron microscopy (TEM). The MT-containing triblocks are found to form well-
ordered domain structures with sub-10 nm periodicity, and morphology transition from cylinders to 
spheres to disordered spheres is observed with decreasing saccharide weight fraction. The Mal-
containing triblocks also show microphase separation. However, the observed domain 
morphologies lack regular packing due to the close proximity of polymer glass transition 
temperature and order-disorder transition temperature. The saccharide components of the block 
copolymers are also found to undergo different degrees of dehydration when exposed to high 
temperatures. The dehydration reaction leads to the molecular change of the triblocks to form 
pentablock copolymers, resulting in the emergence of less ordered secondary morphologies in an 
irreversible manner. 

 
Partial phase diagram for saccharide-containing ABA triblock copolymers 

  



437 
 

Polymer Characterization for Sustainability 

Effects of polymer grafting on cellulose nanocrystal composites 

Nicholas Macke, nmacke@uchicago.edu, Stuart J. Rowan. Pritzker School of Molecular 
Engineering, University of Chicago Division of the Physical Sciences, Chicago, Illinois, United 
States  

Cellulose nanocrystals (CNCs) are bio-based nanofillers that allow access to sustainable 
composites with enhanced property profiles. However, incorporating these rigid nanorods into 
most polymer matrices causes significant embrittlement, which limits the applicability of the 
resulting composites. By grafting polymer chains to CNCs, we can tune matrix-filler interactions, 
thus limiting the degree of embrittlement. In this work, we attach polymers of various molecular 
weights at various grafting densities to the CNC surface to examine how the resulting brush 
conformations impact composite mechanical properties. 
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Investigation of the enzymatic degradability of glycolic urethane linkages using a 
fluorescent probe 

Ethan Stinchcomb, ethan.stinchcomb@uga.edu, Evan M. White, Jason J. Locklin. Chemistry, 
University of Georgia, Athens, Georgia, United States  

Herein, we describe the application of a high-throughput fluorescence-based assay to direct the 
synthesis of crosslinked polyurethanes to target degradability in an industrial composting setting. 
The application of fluorescein dilaurate (FDL), an ester based fluorescent probe, towards 
measuring enzymatic degradation of polyester polyurethanes was first validated. Then a base 
polyester composition of poly(butylene glutarate-co-butylene succinate) (PBGS), was chosen 
based on its high level of enzymatic degradation using the fluorescence based assay. The impact 
of diisocyanate indexing using hexamethylene diisocyante (HDI) and content of three different 
crosslinking agents glycerol, sorbitol monooleate, and a xylan-mannan derivative on enzymatic 
degradation was then determined. Directed by the enzymatic degradation assay and mechanical 
properties a final polyester polyurethane formulation with each cross-linker was determined. 
These materials were then subjected to respirometry studies under industrial composting 
conditions to further corroborate similarities in degradation profiles between the assay and 
respirometry for the polymer/crosslinker pairs. 
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Characterization of degraded and model post-consumer resins to support emerging needs 
in materials sustainability 

Sara V. Orski, sara.orski@nist.gov. Materials Science & Engineering, National Institute of 
Standards and Technology, Gaithersburg, Maryland, United States  

Accurate measurements and quantitative models of polymer structure-property-performance 
relationships are critically needed to evaluate and compare next-generation materials. Supporting 
the development of sustainable polymers and processing methodologies involves understanding 
the impacts of molar mass, chemical composition, and architectural distributions of complex 
polymers to optimize the design of compatibilizers for mechanical recycling, additives for 
chemical recycling, and degradation lifetimes for polymers in the environment. This talk will 
highlight efforts to make families of model polyolefin copolymers and compatibilizers and the 
subsequent characterization of branching content and chain conformation via high temperature 
size exclusion chromatography. With this information, further characterization of these materials 
in bulk systems can be studied and results correlated to homogeneous, well characterized 
materials. Furthermore, for materials designed to degrade, where recovery and recycling is not 
practical, understanding environmental degradation kinetics on polymer topology and chemistry 
are crucial to material design. This presentation will also highlight efforts in our laboratory to study 
environmental degradation of polyolefins with systematic study of chemical, molecular, and 
thermal properties with material depth to develop improved aging models as benchmarks for 
current marine debris. This research can be used to aid in sampling degraded plastic debris and 
with alternate techniques of identification, quantitative degradation measurements, and 
(ultimately) information to develop predictive models of polymer degradation pathways. 
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Characterization of recycled polymers recovered from multilayer plastic packaging films 
by solvent-targeted recovery and precipitation (STRAP) 

Victor Sanfins Cecon1,2, vscecon@iastate.edu, Kevin Sánchez-Rivera13, George W. Huber3, 
Reid Van Lehn3, Greg Curtzwiler1,2, Keith Vorst1,2. (1) Polymer and Food Protection Consortium, 
Iowa State University, Ames, Iowa, United States (2) Food Science and Human Nutrition, Iowa 
State University, Ames, Iowa, United States (3) Chemical and Biological Engineering, University 
of Wisconsin-Madison, Madison, Wisconsin, United States  

Multilayer plastic films are often employed for several packaging applications that are 
omnipresent in today’s world. Despite their ability to extend food shelf-life at various 
temperatures, enable cook-in-bag applications, etc., these films are challenging to recycle 
because the presence of multiple polymers that can be immiscible jeopardize mechanical 
recycling processes in the current recycling infrastructure. The solvent-targeted recovery and 
precipitation (STRAP) process is a possible solution to this problem, but the impact on the 
recovered polymer properties is still unknown. Samples of polyethylene (PE), polyethylene 
terephthalate (PET), and glycol-modified polyethylene terephthalate (PETG) that were obtained 
through STRAP were assessed for physical, molecular and thermal properties. Thermal analysis 
identified differences in the crystallinity and melt temperature of PE and PET, respectively, 
indicating, along with rheological and spectroscopic analyses, co-precipitation of different 
polymers. Molecular weight determination did not find significant differences between virgin and 
recovered polymer samples. Solvent retention in the polymer matrix from the recovery process 
reduced the glass transition temperature (Tg) of PET by ~25 °C. Significant solvent retention 
leading to Tg depression is detrimental to reintroduction to food packaging due to consumer 
safety and performance reductions, respectively. However, the Tg was recovered and volatiles 
reduced to acceptable levels by subsequent heat treatments. No significant contamination with 
regulated heavy metals, such as Cd, Cr, and Pb was observed indicating regulatory compliance 
for different applications. As multilayer packaging use continues to increase, new technologies 
handling post-consumer waste are critical. Further research is required to deliver a recovered 
resin with properties closer to virgin materials as some changes were observed to the physical 
properties during processing. 
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Silicone additives enhance sustainability in wood plastic composites 

Jeremy M. Beebe, jeremy.beebe@dow.com, Igor Chorvath, Marc-Andre Courtemanche, Jim 
Keenihan, Jodi Mecca, Keith Bruce, Paul Vlasak, Brandon Weinlander, Sean Gaal, Tom Parsons. 
The Dow Chemical Company, Midland, Michigan, United States  

Wood plastic composites (WPCs) are durable building materials that require less maintenance 
than pressure treated lumber. They are manufactured using wood flour and often incorporate 
recycled thermoplastics, thereby turning would-be waste streams into high value products. In 
addition to wood and thermoplastics such as polyethylene (PE), additives are used to improve 
compatibility between the wood and PE and as processing aids to reduce melt fracture, melt 
temperature, and extruder torque during composite production. Maleic anhydride grafted 
polyethylene (MAPE) is often used in WPCs as a coupling agent for the wood and PE and metal 
stearates are often used as process aids. However, metal stearates are known to react with 
MAPE, which reduces the coupling efficiency of MAPE and decreases the modulus and strength 
of composite materials. 

Silicones can be used as an alternative to metal stearates. Nuclear magnetic resonance (NMR) 
analysis shows no reaction between silicone and MAPE. X-ray fluorescence (XRF) also indicates 
no reaction between silicone and cellulose, chosen as a proxy for wood flour. Because silicone 
does not react with MAPE or with cellulose (wood flour), the mechanical properties of WPC 
boards containing both silicone and MAPE are improved due to the enhanced wood-plastic 
coupling. 

This enhanced coupling was directly interrogated by using scanning electron microscopy (SEM) 
to examine composite fracture surfaces. SEM imaging was paired with energy dispersive X-ray 
spectroscopy (EDS) to map the distribution of silicone in WPC cross-sections. Stearate-
containing WPCs were cross-sectioned and analyzed using secondary ion mass spectrometry 
(SIMS) to map the stearate distribution. Results showed that the two process aids distribute quite 
differently within the WPC microstructure, which may also contribute to their performance 
differences. This presentation will introduce the combination of silicone and MAPE as an additive 
for WPCs, demonstrate methods for analyzing additive effectiveness, and discuss aspects of 
composite characterization that led to an understanding of the mechanism by which silicone 
functions as a process aid in these materials. 
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Improved understanding of PET/PC transesterification and quantitative characterization of 
its copolymer structure 

Yiyong He1, yiyong.he@dupont.com, Michal Porter2, Mark A. Barger2, Stephane Costeux2, 
Joseph J. Kiefer1. (1) Core Analytical Sciences, DuPont de Nemours Inc, Midland, Michigan, 
United States (2) Performance Building Solutions, DuPont de Nemours Inc, Midland, Michigan, 
United States  

Less environmental footprint is currently one of the major driving forces for industrial product 
development. Poly(ethylene terephthalate) (PET) and polycarbonate (PC) are two plastics that 
have been recycled for second life applications. During our product development, amorphous 
PET-PC copolymer was made with the target of making foamable items. Taking advantage of 
technology advancement in NMR, 13C NMR was used as the major tool to improve the 
understanding of PET/PC reaction and its copolymer structure. With full 13C NMR assignments to 
enhance quantification, a modified method of Koenig B value was developed so that it can 
accommodate significant side reactions in a copolymer. It provides accurate quantification of 
randomness for PET-PC copolymers which correlates well with foamability. Further theoretical 
development allowed the extraction of PET block length distribution, and prediction on the 
foamability and solubility of PET-PC copolymers. More work was also done to understand side 
reactions. 
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Analytics to support innovation in the polymeric circular economy 

Jeanne Hankett, JEANNE.HANKETT@BASF.COM. Analytics North America, BASF Corp, 
Florham, New Jersey, United States  

When it comes to analytics supporting sustainable polymeric materials, we not only think outside 
of the box, but sometimes we upcycle it! Innovative polymeric materials have the potential to 
support a circular economy – from low emission foams to enhanced mechanical recyclability to 
biodegradable solutions. Each sustainable polymeric product can find its place in creating a more 
sustainable future. To achieve sustainable polymer innovation, advanced analytics must be 
developed and deployed to appropriately characterize unique chemistries and physics. For 
example, new methodologies must be deployed to better identify and quantify odors in biobased 
plastics and foams; the degradation of new biodegradable polymeric formulations must be 
measured; trace contaminants in new polymer synthesis routes must be identified; and we need 
to fully understand the chemistries of new polymeric systems, whether they have improved 
mechanical properties, improved mechanical recyclability, or are chemically recycled. This talk 
will provide an overview on analytical chemistry that supports sustainable polymers at BASF’s 
Corporate Analytics North America, and provides a window into how industry tackles complex 
challenges in developing a polymeric circular economy. Topics of interest will include analytics to 
support recycling, improved physical properties, low emission materials, product compliance, and 
microplastics. 
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Model PCR study to understand the effect of contaminants on film properties 

Christopher Thurber1, CMThurber@dow.com, Mubashir Ansari1, Jin Wang1, Kurt Olson1, Daniel 
Roscioli1, Craig Gorin1, Carl Reinhardt1, Yongchao Zeng2, Keran Lu2, Jill Martin2, Isabel Arroyo3, 
Ester Caro3, David Keely4. (1) Dow, Inc., Midland, Michigan, United States (2) Packaging and 
Specialty Plastics, Dow, Inc., Lake Jackson, Texas, United States (3) Packaging and Specialty 
Plastics, Dow Chemical Iberica SL, Tarragona, Catalonia, Spain (4) Dow, Inc., Louisville, 
Kentucky, United States  

Polyethylene (PE) is the most widely used polymer by volume, with the largest sector being film 
applications (such as food packaging or industrial films). However, challenges exist for 
mechanical recycling and reuse of PE post-consumer resin (PCR) back into film applications, due 
to impurities from the waste stream and recycling processes. 

Commercial PE PCR streams contain a wide variety of contaminants, making it challenging to 
deconvolute the effects of specific contaminants on film properties. Therefore, this study doses 
individual contaminants to virgin PE at concentration ranges found in commercial PCR, and 
examines the resultant effects on blown film optical and mechanical properties such as 
instrumented dart impact resistance and defect count. Key findings include solid fibers and 
particles are more detrimental than thermoplastic contaminants, providing specific targets for 
future sorting, cleaning, and compatibilization efforts. 

 
 
Optical microscopy image of PE PCR film 

 
Model PCR schema to study the effects of individual PE PCR contaminants on film properties  
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Carbon dioxide sequestering ability of polyaramid capsules in cementing 

Elizabeth Contreras, eqcontreras@gmail.com, Ashok Santra, Kenneth D. Johnson, Georgesha 
Ross. Aramco Americas: Aramco Research Center – Houston, Houston, Texas, United States  

In this work antagonistic CO2 gas is utilized towards new cement designs using reactive 
encapsulants housed within semi-permeable polyaramid capsules to produce beneficial materials 
like calcite. As a cementing additive, an increase in the integrity and sustainability of oil well 
cements by chemically and physically intersecting with CO2 imparts a unique advantage by 
utilizing membrane properties to neutralize and to produce mineral precipitates, respectively. 
Capsules filled with mineralizing reagent, calcium hydroxide, are prepared and embedded into 
cement that remains until CO2 permeates through to react and to form insoluble solids. In 
addition, produced minerals are beneficial to cement in terms of enhancing mechanical strength, 
as demonstrated by samples cured within HPHT Parr reactor fitted with a CO2 inlet. Samples are 
analyzed using thermal gravimetric analysis (TGA) that illustrates reactivity between the 
encapsulant and CO2. Electron micrographs show calcite production as it applies to CO2 fixation 
using these new sequestering polyaramid capsules. 
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Peng Zhou, Presenter; Jun Ling 
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08:20pm - 08:35pm 
Yinuo Zhu, Presenter; Youhua Tao 
 
3738456 - Acidity-triggered transformable polypeptide 
self-assembly to initiate tumor-specific biomineralization 
08:35pm - 08:50pm  
Yang Liu, Presenter; Zhongyu Jiang; Jianxun Ding; Xuesi 
chen 
 
3739343 - Red-light-mediated photoredox catalysis 
enables self-reporting nitric oxide release for efficient 
antibacterial treatment (on demand) 
08:50pm - 09:05pm 
Shaoqiu Zheng, Presenter; Zhiqiang Shen; Shiyan Xiao; 
Ruan Shen; Shiyong Liu; Jinming Hu 
 
3738654 - Study on biological effects of single molecular 
weight accurate polyethylene glycol 
09:05pm - 09:20pm 
Cen Jie, Presenter; Rundi Song; Shiyong Liu 
 
3739383 - Coordinating external and built-in triggers for 
tunable degradation of polymeric nanoparticles via cycle 
amplification 

09:20pm - 09:35pm  
Jiajia Tan, Presenter; Shiyong Liu 
 
3739381 - Red light-triggered peroxynitrite generation for 
deep tissue infection treatment 
09:35pm - 09:50pm  
Yuanmeng Fang, Presenter; Zhiqiang Shen; Jinming Hu 
 
3738417 - Pathway complexity and seeded supramolecular 
polymerization of cyanostilbenes 
09:50pm - 10:05pm  
Sixun Jiang, Presenter; Feng Wang 
 
3733240 - Biomineral hydrogels with mechanical 
reinforcement in situ induced by drug crystals for bone 
repair 
10:05pm - 10:20pm  
Jiaying Liu, Presenter; Chunsheng Xiao; Xuesi chen 
 
3734191 - Achieving ultrahigh molecular weight polymers 
from unconjugated monomers via photoenzymatic RAFT 
polymerization 
10:20pm - 10:35pm 
Ruoyu Li, Presenter 
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

PaS: A biodegradable polysarcosine 

Peng Zhou, zhoupeng@zju.edu.cn, Jun Ling. Zhejiang University, Hangzhou, Zhejiang, China  

Polysarcosine (PSar) is a water-soluble poly(α-amino acid) as an alternative of PEG. As PSar is 
non-biodegradable, the excretion of the high molecular weight PSar should be taken into 
consideration. In the presentation, we report an alanine-containing PSar, named PaS which is 
produced by the statistic ring-opening copolymerization of Sar-N-thiocarboxyanhydride (Sar-NTA) 
and alanine-NTA in the present of acetic acid. Their apparent polymerization rate constants are 
3.06*10-3 min-1 and 1.80*10-3 min-1, respectively, which confirms the random sequence of PaS. 
The molecular weights (5.3-43.6 kg/mol) and the alanine molar fractions (6-43%) are well 
controlled. PaS is able to be digested within 50 days by porcine pancreatic elastase which is an 
alanine-specificity enzyme. It is also a successful example to randomly copolymerize C- and N-
substituted amino acid NTA monomers. 
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Janus polymerization: A direct way towards multiblock copolymers 

TING SHEN, shenting_ty@zju.edu.cn, HUAN QIU, Jun Ling. Zhejiang University, Hangzhou, 
Zhejiang, China  

Copolymerization is a versatile strategy to produce materials combining properties of different 
homopolymers. It is a challenge when monomers give incompatible propagating chain ends. 
Janus polymerization is a novel strategy that combines cationic and anionic polymerizations at 
two ends of a single propagating chain followed by self-triggered coupling reaction and thus 
provides a facile methodology to synthesize multiblock copolymers with mechanically 
incompatible blocks in one step. For instance, high molecular weight poly(ε-caprolactone) (PCL) 
is usually produced by anionic (coordinated) ring-opening polymerization (AROP), while 
tetrahydrofuran (THF), 3,3-bis(chloromethyl) oxacyclobutane (CO) and 1,3-dioxolane (DO) are 
reported to be polymerized via cationic polymerization only. Janus polymerization catalyzed by 
rare earth triflates and epoxides comprises AROP of CL and cationic copolymerization of CL with 
THF, CO or DO at two ends of a propagating chain, producing corresponding multiblock 
copolymers in one-step procedure. 
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Main-chain metallaaromatics-containing conjugated polymers 

Shiyan Chen1,2, gzucsy@163.com, Haiping Xia1,2. (1) Department of Chemistry, Xiamen 
University, Xiamen, Fujian, China (2) Department of Chemistry, Southern University of Science 
and Technology, Shenzhen, Guangdong, China  

In the last decade, we have reported a series of conjugated metal-bridged bicyclic compounds, in 
which a metal atom is shared by two fused five-membered rings. These novel metalla-aromatic 
complexes have been named carbolong complexes. They show unique properties such as large 
Stokes shifts and long lived fluorescence, good photoacoustic and photothermal properties and 
good single-molecule conductivity characteristics and have been used as electron transport 
layers to boost the performance of organic solar cells. These results led to exploration of the 
construction of a π-conjugated polymer containing carbolong repeat units in its main chain. 
Herein, we report the synthesis by a polymerization reaction of equivalent carbynes and alkynes 
of metallaaromatic-containing conjugated polymers, or polycarbolongs. Notablely, the M≡C bond 
and C≡C bond contained in each monomer was connected with functional aromatic spacer. The 
insertion of metalla-aromatics containing dπ-pπ conjugated units into conjugated polymers could 
open up significant opportunities for preparation of functional materials. 
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Emulsion interfacial polymerization for fabricating polypeptide nanospheres with high 
drug-loading efficiency and enhanced anticancer activity 

Jinpeng Yang, yangjp19@mails.tsinghua.edu.cn, Hua Wang, Zihe Yin, Shuai Zhang, Jiang-Fei 
Xu, Xi Zhang. Tsinghua University, Beijing, Beijing, China  

Drug delivery systems are designed to overcome limitations associated with conventional 
anticancer drugs, including poor bioavailability, rapid clearance during circulation and side effects 
on normal tissues. However, lots of drug carriers with low drug-loading efficiency nearly have 
poor therapeutic ability and might cause side effects. In addition, the self-assembled drug delivery 
systems might disassembly due to dilution. Hence, the development of self-delivery systems with 
high drug-loading efficiency, high stability against dilution, as well as enhanced anticancer activity 
is of crucial importance to the fields of self-assembly and nanomedicine. Herein, we propose a 
strategy where the anticancer peptide acts as water-soluble monomer to directly participate in 
emulsion interfacial polymerization for fabricating self-delivery polypeptide nanospheres (PPN). 
The constructed PPN held a high drug loading efficiency of 77%, and kept stably dispersed in 
highly diluted aqueous solutions. The acid-labile amide linkage in PPN could be hydrolyzed in 
tumor acidic environments, thus killing cancer cells selectively. Importantly, PPN achieved 
significantly enhanced anticancer activity against HCT116 cells in vitro and in vivo through 
improved mitochondrial and membrane disruption. In addition, PPN exhibited reduced side 
effects on normal cells. It is highly anticipated that more kinds of anticancer drugs can be applied 
to fabricate self-delivery nanomedicines with improved anticancer activity by this strategy. 

 
Scheme. (a) Chemical structures of FKLAK and CDC, the reaction between anhydride group and amino 
group to form amide group at neutral condition and hydrolysis of acid-labile amide group at acidic 
condition; (b) Schematic illustration of PPN fabricated through emulsion interfacial polymerization; (c) 
The release of FKLAK from PPN in tumor acidic environment to achieve selective cancer therapy.  
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Grafting-from synthesis and applications of protein−polydisulfide conjugates 

Jianhua Lu, ljh806@pku.edu.cn, Hua Lu. Peking University, Beijing, Beijing, China  

Grafting-from (GF) is an important yet underdeveloped strategy toward protein−polymer 
conjugates. Here, we developed two methods to realize in situ polymerization of 1, 2-dithiolans 
initiated by protein with active thiol and explored their applications. Firstly, owing to both favored 
thermodynamics and augmented kinetics arising from frozen-induced high local concentration of 
1, 2-dithiolans, we realized highly efficient GF synthesis of cell-penetrating protein−polydisulfide 
with a simple cryo-polymerization method. This method is applicable to various wild-type or 
genetically engineered proteins without the need of chemical installation of an initiation group. 
The resulting conjugates can be reversibly degrafted under mild conditions to regenerate 
functional “native” proteins in a traceless fashion. 

Nevertheless, cryo-condition is not entirely harmless, as many proteins, enzymes in particular, 
are prone to deactivation and denaturation when frozen. Next, we tried to achieve protein-induced 
polymerization of 1, 2-dithiolans at room temperature. Then, we synthesized a kind of amphiphilic 
monomer that could aggregate at room temperature, increasing the local monomer concentration, 
and realized the ROP at biologically benign concentrations and temperature. This method has all 
the advantages of cryo-polymerization. Besides, we demonstrated that the conjugation of 
polydisulfide with special side chain can protect target proteins from harsh conditions such as 
heat shock, protease digestion, and freeze-thaw cycles. These unique features make such 
conjugates highly useful in applications such as a dynamic switch of protein functions, cytosolic 
delivery of protein therapeutics, and protein purification. 
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Unraveling the correlations between mechanical properties, miscibility and film 
microstructure in all-polymer photovoltaic cells 

kangkang zhou, zhoukangkang@tju.edu.cn, Long Ye. Tianjin University, Tianjin, Tianjin, China  

The rapid development of low bandgap polymer acceptors has promoted the power conversion 
efficiency up to ~17% for all-polymer solar cells (all-PSCs). Nevertheless, the polymeric blend 
film, core to the photoelectric conversion of all-PSCs, has not been thoroughly understood in 
terms of the influence and regulatory factors of mechanical properties, which hinders the 
advances in flexible and wearable solar cells. Herein, we combine a range of characterization 
methods to thoroughly investigate the mechanical properties, miscibility, and film microstructure 
of the blends based on four representative polymer donors (PTzBI-Si, PTVT-T, PM6, and PTQ10) 
and a benchmark polymer acceptor PNDI, and further reveal the relationships of the miscibility-
property. Our results stress that the fracture behaviors and elastic moduli of these blends with 
varied compositions can show different changing trends, which are affected by the molecular 
interactions and the aggregated structure of the blends. The elastic moduli of the four all-polymer 
blends can be nicely predicted by different models that are deduced from macromolecular 
mechanics. Most crucially, the correlations between elastic modulus, film morphology, and 
miscibility of all-polymer blends are elucidated for the first time. The derived relationships will be 
the key to the successful fabrication of mechanically robust and stretchable all-PSCs with high 
efficiency. 
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Investigation the effects of heteroatoms and steric hindrances on the 
clusteroluminescence of polyester system 

zhang ziteng, 12029039@zju.edu.cn, Haoke Zhang, Xinghong Zhang. MOE Key Laboratory of 
Macromolecular Synthesis and Functionalization, Department of Polymer Science and 
Engineering, Zhejiang University, Hangzhou, Zhejiang, China  

The study of nonconventional luminescence has gradually drawn the attention of researchers in 
recent years due to its great theoretical significance and practical value.But the working 
mechanism for this extraordinary photophysical phenomenon is still unclear and in debate,which 
brings obstacle for the rational design and manipulate novel luminescent materials.In this work, 
seven non-conjugated polyesters with different heteroatom and steric hindrance were 
synthesized, then their photophysical properties were systematically studied. Experimental and 
theoretical analyses show that thoes polyester derivatives exhibit excitation-independent 
clusteroluminescence (CL) with an emission peak at 440 nm,and the (n,π*) transition of the 
carbonyl unit plays a crucial role in the CL. This work not only gains further insights into the CL 
mechanism but also provides a reliable strategy to design and manipulate non-conjugated 
fluorescent materials. 

 
Scheme1.A)The synthetic routes for polyester derivatives.B)Chemical structures of polyester derivatives.  
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Sustainable polymers from five-membered thionolactone monomers via cationic ring-
opening polymerization 

Yongliang Xia, xiayl@sioc.ac.cn, Miao Hong. Chinese Academy of Sciences Shanghai Institute 
of Organic Chemistry, Shanghai, China  

At present, the world is facing the problems of gradual depletion of fossil resources and serious 
white pollution. In recent years, the ring-opening polymerization (ROP) of biorenewable five-
membered γ-butyrolactone (γ-BL) led to the disclosure of completely recyclable polymer featuring 
a “polymerization-depolymerization” circular materials economy, thus establishing a new 
approach to sustainable polymers. Although some breakthroughs have been made, due to the 
small ring tension of the five-membered ring lactones, ROP of γ-BL remains some problems, 
such as, requiring harsh reaction conditions including low-temperature (< –40 °C), and resulting 
low-molecular-weight polymers. To address this challenge, our group has developed an 
isomerization-induced irreversible ring-opening polymerization strategy, realizing the anionic 
polymerization of "non-strained" five-membered ring monomer at high temperature for the first 
time by utilization of organic phosphazene superbase. This strategy is suitable for γ-
thionobutyrolactone and α- or β-methyl-γ-thionobutyrolactone, but not suitable for five-membered 
thionolactones substituted at the γ-position. To solve this problem, we modified the cellulose-
derived γ-valerolactone (γ-VL) by introducing sulfur element to synthesize γ-thionovalerolactone 
(TnGVL) via one-step reaction of γ-VL with Lawesson reagent. Through the strategy of ring-
opening isomerization, efficient and living ROP of TnGVL at room temperature has been 
achieved by utilization of triethyloxonium tetrakis(pentafluorophenyl)borate [Et3O][B(C6F5)4] as a 
initiator providing polythioesters with high molecular weight, narrow molecular weight distribution 
and excellent degradability, and the thermodynamic properties of the polymer were characterized. 
What’s more, the living ROP of other biomass-derived five-membered thionolactones substituted 
at the γ-position can also achieved via this cationic initiator, which provides a variety of polymers 
with tunable properties. 
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Bacteria-responsive porphyrin for adaptable photodynamic/photothermal therapy 

Hao Hu, hu-h18@mails.tsinghua.edu.cn, Hua Wang, Yuchong Yang, Jiang-Fei Xu, Xi Zhang. 
Tsinghua University, Beijing, Beijing, China  

We report a cationic porphyrin 5,10,15,20-tetrakis-(4-N-methylpyridyl)-porphyrin (TMPyP) that 
can respond to specific bacteria, followed by adaptable photodynamic/photothermal therapy 
process. TMPyP could be reduced to phlorin by facultative anaerobes with strong reducing ability 
such as E. coli and S. typhimurium in hypoxic environments, possessing strong NIR absorption 
and remarkable photothermal conversion capacity, thus demonstrating excellent antimicrobial 
activity (> 99%) by photothermal therapy. While in an aerobic environment with aerobic bacteria, 
TMPyP functioned as a typical photosensitizer which killed bacteria effectively (> 99.9%) by 
photodynamic therapy. By forming host-guest complex with cucurbit[7]uril, the biocompatibility of 
TMPyP significantly improved. This kind of bacteria-responsive porphyrin shows specificity and 
adaptivity in antimicrobial treatment and holds potentials in non-invasive treatment of bacterial 
infections. 

 
Schematic presentation of the bacteria-responsive porphyrin TMPyP for adaptable photodynamic and 
photothermal therapy 
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One-pot synthesis of thiol-functionalized polypeptides from unprotected N-
carboxyanhydrides 

Shuo Wang, shuo2020@stu.pku.edu.cn, Hua Lu. College of chemistry and molecular 
engineering, Peking University, Beijing, Beijing, China  

The robust synthesis of unprotected α-amino acid N-carboxyanhydrides (NCAs) was recently 
reported by our group, but the polymerization behaviors of these new monomers have not been 
studied in detail. Here, we report the one-pot synthesis of thiol-functionalized polypeptides from 
unprotected D-penicillamine N-carboxyanhydride (Pen-NCA). This method prepares linear 
polypeptides functionalized with tertiary thiol efficiently in one step, omitting the traditional time-
consuming protection-deprotection process. The main challenge of Pen-NCA polymerization 
comes from monomer isomerization, which not only reduces the conversion of monomer to 
polymer but also leads to extra chain initiation. By copolymerizing Pen-NCA with a second NCA 
monomer, we successfully boost the selectivity of polymerization over isomerization and thus 
high molecular weight polypeptides with expected end group could be obtained. We also 
demonstrate the application of Pen copolypeptides as a platform for post-polymerization 
modification or macromolecular multi-functional initiators. This work is the first in-depth study on 
the polymerization behavior of side-group unprotected NCAs (UP-NCAs), and we believe further 
exploration of these monomers will eventually provide a new toolbox for polypeptide synthetic 
chemistry. 
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Preparation and application of fluoropolymer-based nano-objects 

Xingpeng Chai, 20210440041@fudan.edu.cn, Peng Zhou, Guowei Wang. Department of 
Macromolecular Science, Fudan University, Shanghai, Shanghai, China  

Fluoropolymers have been widely used in traditional industries and high-end equipment 
manufacturing fields due to their excellent properties. In most cases, the material design is mainly 
based on the high incompatibility between fluoropolymers and other polymers, and the application 
scenarios of fluoropolymers are closely related to self-assembly. However, in practical 
applications, controlling the spatial position of fluorine-containing segments in nano-objects is still 
a challenge. In this study, using the block copolymer poly(4-tert-butoxystyrene) -b-
poly(pentafluorostyrene) (PtBOS-b-PPFS）as research model, a series of fluoropolymer nano-
objects were realized using the modification induced self-assembly (MISA) technique. By 
optimizing the parameters of solvent, temperature, time and degree of polymerizations of 
polymers, the nano-objects with poly(p-hydroxystyrene) (PHOS) as core and PPFS as shell, or 
PPFS as core and PHOS as shell were synthesized, respectively. The morphologies of the nano-
objects can be well modulated optimizing the experimental parameters. Aiming to develop the 
potential application of the nano-objects, the contact angle were measured to evaluate the 
hydrophilic and hydrophobic properties of nano-objects with different compositions, which is 
hoped to prompt the design and application of the fluoropolymers-based novel materials. 
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Transformation of amorphous nanobowls to crystalline ellipsoids induced by trans-Cis 
isomerization of azobenzene 

Xiaoyan Zhou, 1457960049@qq.com, Hui Sun. Ningxia University, Yinchuan, Ningxia, China  

TThe shape transformation of polymeric nanostructures attracts much attention of scientists, 
which can change their rheological, optical and physiological properties, facilitating the 
exploitation of their potentials in diverse applications. Particularly, the stimuli-responsive transition 
of nanostructures from amorphous to crystalline state is of high interest in polymer science, but is 
still challenging. Herein, we demonstrate the transformation of amorphous nanobowls to 
crystalline ellipsoids triggered by UV induced trans-cis isomerization, using an azobenzene-
containing amphiphilic homopolymer (PAzoAA) as building block. The amide bond and 
azobenzene pendants are introduced to the side chain of PAzoAA to afford hydrogen bonding 
and π-π interaction, which promotes the formation of nanobowls, which are asymmetric hollow 
structures with a large opening on the surface, showing advantages such as efficiently 
encapsulation, delivery and releasing of large sized cargoes on demand comparing with solid 
nanoparticles or closed hollow structures. Upon exposed to UV irradiation, the trans-cis 
isomerization of azobenzene pendants occurs, leading to the increase of hydrophilicity of 
PAzoAA and destruction of π-π interaction, further resulting in the disassembly of the nanobowls. 
Then the PAzoAA re-assembles to form crystalline ellipsoids instead of amorphous 
nanostructures when recovered at 70 °C without UV light. We further confirm that the high 
incubation temperature after UV irradiation is critical for the cis-trans transformation and the high 
mobility of the polymer chains to facilitate the regular rearrangement of azobenzene pendants. 
Overall, we propose a facile method to achieve the transformation of amorphous nanobowls to 
crystalline ellipsoids, which may bring new insight into preparation of crystalline nanoparticles 
using amorphous precursors. 

 
The self-assembly of PAzoAA to form nanobowls and the trans-cis isomerization induced transformation 
of amorphous nanobowls to crystalline ellipsoids.  



461 
 

Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Synthesis of high molecular weight polyisobutylene and relevant ionic elastomer 

cai ling, lcai@ciac.ac.cn, Dongmei Cui, dmcui@ciac.ac.cn. Chang Chun Institute of Applied 
Chemistry Chinese Academy of Sciences, Changchun, Jilin, China  

Polyisobutylene (PIB) has become an essential player in a wide variety of application areas due 
to its unique properties. Thus much attention has been paid to develop novel manufacture 
processes and initiating systems in this field. Recently our group has established several initiation 
systems for the synthesis of high molecular weight PIB (HPIB). An Al(C6F5)3/CumCl initiating 
system coupling with an electron donor is able to polymerize IB into HPIB with Mw over 35×104 
g/mol with high activity at -40°C. Additionally, by simply compounding Al(C6F5)3 and various 
substituted phenols, a series of novel complexed catalyst systems was prepared to synthesize 
HPIB with adjustable MW (100,000–300,000 g/mol) within an even higher temperature window (-
30 to 0 °C). Furthermore, copolymerizations of IB and distinct methyl styrenes were realized by 
utilizing the initiating systems mentioned above. A class of excellent ionic elastomers can be 
prepared via simply bromination and quaternization of the obtained copolymers. The self-
aggregation of polar ionic groups promotes microphase separation to significantly enhance the 
mechanical properties (tensile strength up to 13 MPa and breaking elongation up to 1100%). To 
our delight, such high-performance materials can be facile to recycle via hot pressing while 
maintaining their properties. In summary, we have explored several novel initiating systems for 
the synthesis of HPIBs and copolymers under mild conditions. Polymer ionization has proved to 
be an effective method to improve the mechanical properties of materials. 
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Photo-induced polymer cyclization via supramolecular confinement of cyanostilbenes 

yuncong xue, xyc611@mail.ustc.edu.cn, Feng Wang. Chemistry, University of Science and 
Technology of China, Hefei, Anhui, China  

Cyclic polymers with the lack of chain ends display properties and functions unattainable for the 
linear counterparts. Ring-closure of linear polymeric precursors represents an important synthetic 
route toward cyclic polymers. However, this method mainly depends on the traditional chemical 
reaction, inevitably introducing the bio-unfriendly catalyst and a tedious purification process. 
Fortunately, photo-chemical cycloaddition of the terminal π-bonded units in the linear precursor 
provides an alternative protocol toward cyclic polymers, avoiding those shortcomings mentioned 
above. Cyanostilbenes represent a fascinating type of photo-responsive compounds, which tend 
to undergo Z–E photo-isomerization and/or [2 + 2] photochemical cycloaddition, capable of 
realizing photo-chemical strategy. However, from the perspective of cyclization, the terminal 
cyanostilbenes on linear polymers should prevail [2 + 2] cycloaddition over the undesirable Z-E 
isomerization. A prerequisite to attain this objective is to align the adjacent cyanostilbenes with a 
short center-to-center distance. 

Herein, we envisage that supramolecular stacking of the photo-reactive groups represents a 
plausible strategy to achieve this prerequisite. Specifically, cyanostilbenes in telechelic 
macromonomer (Z)-1 are arranged in a confined space, and thereby gives rise to [2 + 2] 
cycloaddition in the self-assembled state, in sharp contrast to Z–E isomerization in the 
monomeric state. Furthermore, upon regulating the experimental parameters, photo-cycloaddition 
reactivity is enhanced, accompanying with degressive probability of Z–E isomerization. On this 
basis, [2 + 2] cycloaddition induces the linkage of (Z)-1 between each other, giving rise to 
polymer cyclization in the self-assembled state. Overall, by precise manipulating the photo-
chemical selectivity through supramolecular confinement effect, the current study opens up new 
avenues toward cyclic polymers with high synthetic efficiency. 

 
Schematic representation for supramolecular confinement-induced cyclic polymerization of (Z)-1 upon 
light irradiation.  
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Unimolecular anion-binding catalysts for selective ring-opening polymerization of O-
carboxyanhydrides 

Maosheng Li, msli@ciac.ac.cn, Youhua Tao, Xianhong Wang. Key Laboratory of Polymer 
Ecomaterials, Chang Chun Institute of Applied Chemistry Chinese Academy of Sciences, 
Changchun, Jilin, China  

Anion-binding can regulate anion transport in chloride channels via dynamic non-covalent 
interactions, which gives insights into the designing of new organocatalytic transformations, but is 
surprisingly unexplored in polymerization catalysis. Herein, we describe an effective unimolecular 
anion-binding organocatalysis where 4-(dimethylamino)pyridine is anchored to a thiourea for ring-
opening polymerization of O-carboxyanhydrides (OCAs), which well addresses the formidable 
challenge of synthesizing high molecular weight (MW) stereoregular polyesters. Ring-opening 
polymerization of PheOCA (OCA from phenylalanine) mediated by unimolecular anion-binding 
organocatalyst generates highly isotactic poly(phenyllactic acid) (Ph-PLA) with MW up to 150.0 
kDa. Specifically, high MW Ph-PLA exhibits 30-fold increase in the elongation at break in 
comparison to its low MW congener. Moreover, active species of the polymerization are moisture-
tolerant and can be conducted in unpurified solvent, facilitating facile synthesis of high MW 
stereoregular polyesters with pendant functional groups. Calculations and experiment studies 
indicate a dynamic cooperative anion-binding mechanism where the dynamic anion-binding 
interaction of thiourea moiety to propagating species facilitates efficient chain propagation and the 
synergetic decarboxylation retains high selectivity for OCA ring-opening over side reactions (e.g., 
cyclization, epimerization and transesterification). 
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Eliminate epimerization in ring-opening polymerizations enabled the synthesis of 
stereoregular recyclable polythioesters 

Yinuo Zhu, yinuozhu@ciac.ac.cn, Youhua Tao. Chang Chun Institute of Applied Chemistry 
Chinese Academy of Sciences, Changchun, Jilin, China  

The development of chemically recyclable polymers not only represents a greener alternative to 
landfill and incineration, but also provides a closed-loop strategy for circular economy. 
Dithiolactone monomers derived from abundant feedstock α-amino acids is a promising 
candidate to prepare chemically recyclable polymers, so as to solve the problem of end-of-life of 
waste plastics. However, due to the easy racemization of dithiolactone monomers during the 
polymerization process, the synthesis of highly stereoregular polythioesters (PTEs) is a 
considerable challenge. Here, we describe effective aluminium salen complexs for ring-opening 
polymerization of dithiolactone without epimerization. The electron withdrawing substituents on 
salen framework increase the acidity of central metal species, build up a tight combination 
between the chain termination and the central metal species, thereby leading to minimal 
epimerization for polymerization. Ring-opening polymerization of dithiolactone mediated by the 
aluminium salen complex yields highly isotactic polythioesters (PTEs) with Pm value of 0.93. 
Mixing of the two enantiomers of PTEs generates a crystalline stereocomplex, which displayed 
distinct Tm values around 94.5°C. 
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Acidity-triggered transformable polypeptide self-assembly to initiate tumor-specific 
biomineralization 

Yang Liu1,2, yangl@ciac.ac.cn, Zhongyu Jiang1, Jianxun Ding1,2, Xuesi chen1,2. (1) Key 
Laboratory of Polymer Ecomaterials, Chang Chun Institute of Applied Chemistry Chinese 
Academy of Sciences, Changchun, Jilin, China (2) School of Applied Chemistry and Engineering, 
University of Science and Technology of China, Hefei, Anhui, China  

The living organisms produce organic-inorganic hybrid compounds to support their physiological 
activities, which is referred to as biomineralization. Notably, mineralization detected in specific 
tumor types after radiotherapy or chemotherapy has been proved to be associated with excellent 
prognostic. Therefore, it has emerged as a promising strategy to induce mineralization employing 
biomaterials to inhibit tumor progression. However, the modest ion-chelating capability of 
reported carboxyl-containing biomineralization initiators generates deficient tumor encapsulation, 
thus compromising the effect of tumor inhibition. Herein, a biomineralization-inducing nanoparticle 
(BINP) is designed for the blockade therapy of osteosarcoma, which is composed of 
dodecylamine-poly((γ-dodecyl-L-glutamate)-co-(L-histidine))-block-poly(L-glutamate-graft-
alendronate), including membrane-insertion moiety, tumor microenvironment (TME)-responsive 
moiety, and mineralization-initiating moiety. After intravenous injection into mice bearing 
osteosarcoma, the histidine residue reacts to acidic TME to expose dodecyl group on the surface 
of expanded BINP, facilitating its membrane insertion. Subsequently, the protruding 
bisphosphonic acid groups on the cell surface trigger continuous ion deposition to construct 
mineralized barriers around the tumor. The potent mineral barriers block the exchange of 
substances between the tumor and surrounding normal tissues, resulting in effective primary 
osteosarcoma suppression and pulmonary metastasis remission simultaneously. Moreover, BINP 
administration mitigates bone destruction because of the suppression of alendronate to 
osteoclasts. Hence, the BINP-mediated biomineralization therapy shows a promising prospect for 
further clinical application in osteosarcoma therapy. 

 
TME-responsive BINP for osteosarcoma inhibition by initiating biomineralization in peripheral region of 
tumor and restraining osteoclasts.  
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Red-light-mediated photoredox catalysis enables self-reporting nitric oxide release for 
efficient antibacterial treatment 

Shaoqiu Zheng, sqzheng@mail.ustc.edu.cn, Zhiqiang Shen, Shiyan Xiao, Ruan Shen, Shiyong 
Liu, Jinming Hu. University of Science and Technology of China, Hefei, Anhui, China  

Nitric oxide (NO) serves as a key regulator of many physiological processes and as a potent 
therapeutic agent. The local delivery of NO is important to achieve target therapeutic outcomes 
due to the toxicity of NO at high concentrations. Although light stimulus represents a non-invasive 
tool with spatiotemporal precision to mediate NO release, many photoresponsive NO-releasing 
molecules can only respond to ultraviolet (UV) or near-UV visible light with low penetration and 
high phototoxicity. We report that coumarin-based NO donors with maximal absorbances at 328 
nm can be activated under (deep) red-light (630 or 700 nm) irradiation in the presence of 
palladium(II) tetraphenyltetrabenzoporphyrin (PdTPTBP), enabling stoichiometric and self-
reporting NO release with a photolysis quantum yield of 8% via photoredox catalysis. Moreover, 
PdTPTBP photosensitizer was overwhelmingly used as a triplet energy donor in triplet-triplet 
energy transfer (TTET) due to the relatively high triplet energy level. We found that the excited 
state photosensitizer could act as an electron donor to trigger the NO release , which is the first to 
demonstrate that PdTPTBP could also be used as a photoredox catalyst. We have conducted in-
depth discussions on the thermodynamic and kinetic processes of NO release through density 
functional theory (DFT), time-dependent density functional theory (TD-DFT) and Marcus electron 
transfer theory, and the mechanism of NO release was rationally expounded. The research 
shows that the efficient release of the photosensitizer-NO donor system can be achieved through 
the energy level matching principle and the reduction potential matching principle, which provides 
guidance for screening high-efficiency release systems of photosensitizer-NO donor. This NO-
releasing platform with ciprofloxacin loading can eradicate Pseudomonas aeruginosa biofilm in 
vitro and treat cutaneous abscesses in vivo. 
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Study on biological effects of single molecular weight accurate polyethylene glycol 

Cen Jie, cenj@mail.ustc.edu.cn, Rundi Song, Shiyong Liu. Department of Polymer Science and 
Engineering, University of Science and Technology of China, Hefei, Anhui, China  

The PEGylation strategy of covalently modifying small molecule drugs, peptides and protein 
drugs with polyethylene glycol (PEG) to improve their pharmacokinetics and efficacy has become 
one of the most widely used drug modification technologies. However, the immunogenicity and 
antigenicity of PEG severely limit the clinical efficacy of PEGylated drugs and preparations. 
Because polymerdisper PEG is a homologous mixture, it has certain obstacles to the study of 
drug mechanism. Here we use a special end-group capping strategy to separate PEGs with 
different degrees of polymerization, which minimizes side reactions during the reaction and 
avoids complicated separation and purification steps. A series of single molecular weight PEGs 
with a degree of polymerization of 8-192 were successfully synthesized, and the maximum 
molecular weight was as high as 8848 Da (8848 meters above sea level of Mount Everest). 
Subsequently, we prepared single-molecule PEGylated probes and liposomes with a single 
molecular weight, preliminary studies found that they have longer blood half-life and less total 
protein corona. In further comparison of the empty liposomes without DOX loading, it was found 
that the amount of anti-PEG antibodies produced by monodisperse PEG-DSPE liposomes after 
intravenous injection into mice was much smaller than that of polydisperse PEG. These materials 
will have a major impact on the research and innovation of PEGylated drugs in the future. 
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Coordinating external and built-in triggers for tunable degradation of polymeric 
nanoparticles via cycle amplification 

Jiajia Tan, jjt621@mail.ustc.edu.cn, Shiyong Liu. Department of Polymer Science and 
Engineering, University of Science and Technology of China, Hefei, Anhui, China  

The selective activation of nanovectors in pathological tissues is of crucial importance to achieve 
optimized therapeutic outcomes. However, conventional stimuli-responsive nanovectors lack 
sufficient sensitivity because of the slight difference between pathological and normal tissues. To 
this end, the development of nanovectors capable of responding to weak pathological stimuli is of 
increasing interest. Herein, we report the fabrication of amphiphilic polyurethane nanoparticles 
containing both external and built-in triggers. The activation of external triggers leads to the 
liberation of highly reactive primary amines, which subsequently activates the built-in triggers with 
the release of more primary amines in a positive feedback manner, thereby triggering the 
degradation of micellar nanoparticles in a cycle amplification model. The generality and versatility 
of the cycle amplification concept have been successfully verified using three different triggers 
including reductive milieu, light irradiation, and esterase. We demonstrate that these stimuli-
responsive nanoparticles show self-propagating degradation performance even in the presence 
of trace amounts of external stimuli. Moreover, we confirm that the esterase-responsive 
nanoparticles can discriminate cancer cells from normal ones by amplifying the esterase stimulus 
that is overexpressed in cancer cells, thereby enabling the selective release of encapsulated 
payloads and killing cancer cells. This work presents a robust strategy to fabricate stimuli-
responsive nanocarriers with highly sensitive property toward external stimuli, showing promising 
applications in cancer therapy with minimized side effects. 

  



469 
 

Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Red light-triggered peroxynitrite generation for deep tissue infection treatment 

Yuanmeng Fang, ymfang99@mail.ustc.edu.cn, Zhiqiang Shen, Jinming Hu. University of 
Science and Technology of China, Hefei, Anhui, China  

Peroxynitrite anion (ONOO-) is a kind of endogenous reactive nitrogen species (RNS), which acts 
as a critical tool for host defense by taking advantage of its potent oxidizing power and cytotoxic 
action against pathogen infection. It is formed by the rapid diffusion reaction of nitric oxide (NO) 
and superoxide anion radical (O2-). However, NO and O2- are highly reactive species with short 
lifetimes and limited diffusion distances. As such, it remains a tough challenge to develop ONOO- 
donors to achieve controlled local delivery in pathophysiological environments. Inspired by the 
tandem cascade photocatalytic reactions of the photosynthesis process in nature, we attempt to 
develop tandem red light/near-infrared light-mediated photoredox catalysis reactions within 
micellar nanoparticles to achieve controlled release of ONOO-. Specifically, we focus on 
screening suitable type I photosensitizers as powerful superoxide radical (O2-) generators, which 
can simultaneously facilitate the formation of a hypoxic microenvironment as well. Then the 
photoredox catalysis reaction between the photosensitizer and NO donors can be activated, 
leading to the release of NO. The concurrent formation of O2- and NO is expected to enable the 
formation of ONOO-, and the antibacterial performance of this ONOO- donor will be systemically 
investigated. 
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Pathway complexity and seeded supramolecular polymerization of cyanostilbenes 

Sixun Jiang, jiangsx@mail.ustc.edu.cn, Feng Wang. University of Science and Technology of 
China, Hefei, Anhui, China  

Supramolecular polymerization has become an efficient tool to organize π-conjugated molecules 
into long-range ordered nanostructures. Pathway complexity can be involved in the 
supramolecular polymerization process, leading to the formation of equilibrium thermodynamic 
and non-equilibrium kinetic products. Control over the kinetic complexity has paved the way of 
living supramolecular polymers and the synthesis of kinetically controlled supramolecular block 
copolymers. Cyanostilbenes represent an intriguing type of π-conjugated molecules. Although 
parallel and slipped packing modes have been reported for cyanostilbenes in crystals, no 
pathway complexity has been reported in solution state. We sought to introduce pathway 
complexity into cyanostilbene-based supramolecular polymers, by delicately balancing the non-
covalent driving forces for the non-covalent complexation process. Specifically, N-[(1S)-
phenylethyl]benzamides are embedded into the linkages of monomer, locating between the 
methoxy-substituted β-dicyanostilbene core and the wedge-shaped alkyl chain peripheries. The 
chiral linkages provide intermolecular hydrogen bonds between the neighbouring monomers, 
facilitating the parallel arragnement of the monomers. Meanwhile, the existence of two-fold 
intermolecular donor–acceptor interactions between the methoxy and cyano units give rise to the 
adoption of slipped arrangement of the monomers. By combination of experimental techniques 
with theoretical analysis, we get deeper understanding of the pathway complexity behaviors in the 
resulting supramolecular polymers. On this basis, we have further employed the kinetically 
metastable aggregates as the reactant reservoirs for the buffered release of monomer, which 
facilitates the seed-induced supramolecular polymerization. Our results demonstrate that the 
addition of seed prevents the undesired spontaneous nucleation process, and thereby promotes 
chain propagation for monomers from the seed termini. 
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Biomineral hydrogels with mechanical reinforcement in situ induced by drug crystals for 
bone repair 

Jiaying Liu, liujiaying@ciac.ac.cn, Chunsheng Xiao, Xuesi chen. Key Laboratory of Polymer 
Ecomaterials, Chang Chun Institute of Applied Chemistry Chinese Academy of Sciences, 
Changchun, Jilin, China  

From the Big Bang to the born of human beings, while the biological evolution took place on 
Earth, the science and technology revolution evolved on land. Learning from the creatures in 
nature, we developed lots of bionic materials with superior performance through new technology 
methods, such as mimicking the biomineralization process to fabricate biomineral materials, 
which have shown promising applications in biomedical fields, especially bone repair. However, 
the conventional biomineral materials were restricted in treating irregular bone wounds because 
of single macro-shapes, complex preparation methods, and low bioactivity. Here, we offered an 
innovative way that reduced the synthetic complexity, firstly reporting a chemical reaction-free 
biomineral hydrogel inspired by biomineralization that showed injectable performance and 
superior adhesion with bone tissues at initial states, and retained distinct soft to hard translation 
of machinal properties in situ, achieving excellent osseointegration for irregular shapes wounds. 
In the formation mechanism, this was the first article that detailly demonstrated the process of 
crystals crystalline in three-dimensional space levels and the dependence between machinal 
properties and microstructure in molecules level. In the animal assay, the hydrogel exhibited 
effectively regulating bone regeneration and accelerating bone repair, improving the utilization of 
drugs and reducing the side effects of drugs, which showed immense potential as scaffold 
materials for treating bone defects in clinic applications. Importantly, our research constructs a 
theoretical platform to design functionally structural materials for biomedical application using 
crystalline molecules as induced pioneers, independent of special environments and without 
chemical modification. 
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Virtual Graduate Students Symposium in Asia-Pacific Region on Polymer Chemistry 

Achieving ultrahigh molecular weight polymers from unconjugated monomers via 
photoenzymatic RAFT polymerization 

Ruoyu Li, ryli21@mails.jlu.edu.cn. Jilin University, Changchun, Jilin, China  

Well-defined ultrahigh molecular weight (UHMW) polymers exhibit great potential as high-
performance materials such as durable lubrication and thick coating. However, undertaking 
reversible deactivation radical polymerizations (RDRPs) for the synthesis of UHMW polymers 
remains a formidable challenge because irreversible chain termination and initiators decay occur. 
Most of the UHMW polymers synthesized so far have been limited to conjugated monomers, such 
as acrylamide, acrylate, and styrene, while the synthesis of UHMW polymers using unconjugated 
monomers, such as N-vinyl pyrrolidone (NVP) and N-vinylcaprolactam (NVCL), has rarely been 
reported arising from the high reactivity of the propagating radicals. We report a new strategy for 
obtaining UHMW polymers from unconjugated monomers via photoenzymatic RAFT 
polymerization. Low dispersion UHMW linear and star polymers from unconjugated monomers 
have been achieved at 10 oC for the first time. Advantages of this method include mild conditions, 
oxygen-tolerant operation, scalable synthesis, etc. 

 
(A) Representation of achieving ultrahigh molecular weight linear and star polymers from unconjugated 
monomers via photoenzymatic RAFT polymerization. (B) Chemical structures of xanthates and 
unconjugated monomers used in this study. 
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POLY Virtual Poster Session 

07:00pm - 09:00pm USA / Canada - Central - August 23, 2022 | Location: Virtual-only (Zoom) 
Session Type: Poster - Virtual 

Division/Committee: [POLY] Division of Polymer Chemistry 
 

Federally Funded Research for Polymer 
Circularity: Federally Funded Research for 

Polymer Circularity 
Kathryn Beers, Organizer; Christina Payne, 
Organizer; Kathryn Peretti, Organizer 
Co-Sponsor/Theme: Financial Co-sponsor COMSCI 
Division/Committee: [POLY] Division of Polymer 
Chemistry 
 
3733437 - Enhanced bio-amenability of low-density 
polyethylene via high throughput reactive extrusion 
assisted oxidation 
Olivia Attallah, Presenter; Pablo Ferrero; Miguel Ángel 
Valera; Ivana Aleksic; Muhammad Azeem; Jasmina 
Nikodinovic-Runic; Margaret Fournet 
 
3754156 - Strategic approaches to upcycle PET into 
new building blocks and small molecules 
Mousumi Rani Bepari, Presenter; Sudhir Ravula; 
Kathryn O'Harra; Grace Thompson; Prof. Jason E. 
Bara 

 
Dynamic Covalent & Supramolecular Polymer 

Networks: Dynamic Covalent & Supramolecular 
Polymer Networks 

Piril Ertem, Organizer; Svetlana Morozova, Organizer; 
Ralm Ricarte, Organizer 
 
3743403 - Janus crosslinks in supramolecular 
networks 
Swagata Mondal, Presenter; Jacob Lessard; Chhuttan 
Meena; Gangadhar Sanjayan; Prof. Brent S Sumerlin 
 
3747257 - Tough ionic elastomers by in situ phase 
separation for ionotronics 
zhenwu wang, Presenter 
 
General Topics: New Synthesis & Characterization 

of Polymers: 
Dana Garcia; Yongfu Li, Organizer; Ferenc Horkay, 
Organizer 
 
3722572 - Synthesis and characterization of well-
defined amphiphilic diblock copolymers of 2-ethyl-2-
oxazoline and vinylidene fluoride 
Norah Aljeaban, Presenter; Nikos Hadjichristidis 
 
3733397 - Synthesis and electrochemical 
characteristics of poly[(1,1-disubstituted-3,4-diphenyl-
2,5-silolene)-co-(ethynylene)] 

Ji Hoon Lee; Hyeong Rok Si; Se Yeon Park; Prof. 
Young Tae Park, Presenter 
 
3735021 - Synchronous synthesis of polymeric 
vesicles with controllable size and low-polydispersity 
by polymerization-induced self-assembly 
Renman Zhu, Presenter 
 
3739249 - Microwave-assisted PEG copolymer 
synthesis for aqueous film-forming foams 
Loren Brown, Presenter; Katherine Hinnant; Dr. Grant 
C Daniels; Braden Giordano 
 
3740629 - Synthesis of regioregular poly(allenamer)s 
via ring-opening allene metathesis polymerization of 
substituted cyclic allenes 
Megan Murphy, Presenter; William Neary; Jeffrey 
Moore 
 
3743621 - Controlled living radical polymerization 
using Lewis-base hydrogen atom transfer catalysis 
Saerona Kim, Presenter; Hyun Yu; Udaya Dakarapu; 
Junha Jeon; Gyu Leem 
 
3750301 - Folding of aromatic polyamides into a rare 
intrachain β-sheet type structure and further 
reinforcement of secondary structure through host-
guest interactions 
Subhendu Samanta, Presenter; Raj Roy 
 
3752743 - Synthesis of hyper cross-linked polymers: 
Applications in efficient removal of dyes and heavy 
metal ions from water 
Asad Maqsood, Presenter 
 
3754531 - Nitrogen-rich anthracene-based porous 
polymers for iodine enrichment and selective 
detection of metal ions 
Oussama El-Kadri, Presenter 
 
3754596 - Thymine-modified silicones: A bio-inspired 
approach to crosslinked silicone polymers 
Laura Voigt, Presente; Katie Tucker; Paul Zelisko 
 
3754782 - Synthesis of fluorine-substituted silicones 
and their applications as surface coatings 
Julio Trevino, Presenter; Paul Zelisko 
 
3755274 - Free and controlled radical 
photopolymerization of vinylidene fluoride with R6Sn2 
(R = Me, Bu) and alkyl and perfluoroalkyl iodides 
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Abhirup Dutta, Presenter; Joon-Sung Kim; Vignesh 
Vasu; Olumide Adebolu; Christopher Simpson; Anand 
Dixit; Alexandru Asandei 
 
 
Green Polymer Chemistry & Sustainability: Green 

Polymer Chemistry & Sustainability 
Dr. H.N. Cheng, Organizer; Richard Gross, Organizer 
Co-Sponsor/Theme: Theme: Green Chemistry 
Theme: Sustainability 
 
3731240 - Vanillin-Jeffamine® derived resin 
formulations for 3D printing with self-healing and 
reprocessability based on transimination reactions 

Karen Cortes-Guzman, Presenter; Ankit Parikh; 
Ashele Remy; Marissa Sparcin 
 
3739232 - Biochar as a filler material in plastics: 
Reducing plastics environmental impacts and reusing 
waste 
Seth Kane, Presenter; Elisabeth Van Roijen; Sabbie 
Miller; Cecily Ryan 
 
3748482 - Orthogonally deconstructable and 
depolymerizable polydioxasilocenes via entropy-
driven ring-opening metathesis polymerization 
Alayna Johnson, Presenter; Keith Husted; Landon 
Kilgallon; Jeremiah Johnson 
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Enhanced bio-amenability of low-density polyethylene via high throughput reactive 
extrusion assisted oxidation 

olivia A. attallah1,2, olivia.adly@gmail.com, Pablo Ferrero3, Miguel Ángel Valera3, Ivana Aleksic4, 
Muhammad Azeem1, Jasmina Nikodinovic-Runic4, Margaret B. Fournet1. (1) Technological 
University of the Shannon Midlands Midwest - Athlone Campus, Athlone, Westmeath, Ireland (2) 
Heliopolis University, Cairo, Egypt (3) Instituto Tecnologico Del Plastico AIMPLAS, Valencia, 
Spain (4) Univerzitet u Beogradu, Beograd, Beograd, Serbia  

Plastic bags that are consumed worldwide are made from low-density polyethylene (LDPE); a 
polymer used in food packaging and agriculture applications. One of the main characteristics of 
LDPE is its inertness, which despite being important for maintaining the stability of the packaged 
material, critically hinders the natural biodegradation of LDPE leading to long-term persistence 
within the environment. Herein, we present an energy-efficient high throughput pre-treatment of 
LDPE using a fast, reactive extrusion (REX) assisted oxidation technique followed by bacterial 
attachment as an indicator for bio-amenability. Silicon dioxide (SiO2) was selected as an oxidizing 
reagent. Optimized 5-minute duration pre-treatment conditions were determined using Box-
Behnken design (BBD) with respect to screws speed, operating temperature, and concentration 
of SiO2. The crystallinity index, carbonyl index and weight loss (%) of LDPE were used as the 
studied responses for BDD. FTIR and DSC spectra of the residual LDPE obtained after pre-
treatment with the REX assisted oxidation technique showed a significant increase in residual 
LDPE carbonyl index and a decrease of LDPE crystallinity index. Up to 5-fold molecular weight 
reductions were also demonstrated using gel permeation chromatography. Biofilms were 
successfully formed on pre-treated LDPE samples after 14 days of incubation. 
Furthermore, in the present study bioinert LDPE has been efficiently converted to bio-amenable 
LDPE using energy favorable, and industrially scalable, fast high throughput REX-assisted 
oxidation process. Such achievements give rise to a high potential route towards an industrially 
scalable post-consumer LDPE biodegradation. 
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Strategic approaches to upcycle PET into new building blocks and small molecules 

Mousumi Rani Bepari, mbepari@crimson.ua.edu, Sudhir Ravula, Kathryn E. O'Harra, Grace 
Thompson, Jason E. Bara. Chemical & Biological Engineering, The University of Alabama, 
Tuscaloosa, Alabama, United States  

As the vast consumption of plastic materials is having undeniable impacts the earth’s 
environment, a sustainable solution to upcycle plastic wastes can not only help to alleviate 
pollution but also provide new avenues to obtain small molecules while using fewer new 
petroleum-derived resources. For instance, poly(ethylene terephthalate) (PET) is one of the most 
commonly used plastics due to its high mechanical and chemical properties, which also cause its 
resistance to natural degradation. Mechanical recycling of PET leads to downcycling (i.e., loss of 
properties) and is not a viable long-term solution. However, among the common plastic wastes 
where resin identifcatio codes 2-6 are polyolefins, PET (resin identification code 1) is a polyester 
whose backbone linkages can be more readily cleaved. 
 
Several general chemical treatment methods have been used to depolymerize PET waste. It has 
been found that aminolysis of PET gives better product efficiency in terms of specific product 
yield with the highest conversion. Aminolytic chain cleavage of PET produces terephthalamides, 
although many compounds produced in these reactions currently have very limited or no further 
known uses. Our work in this area aims to depolymerize PET with suitable amine compounds 
such that the products obtained can be further transformed/rearranged into more valuable 
products. This presentation will detail our efforts in this area and conversion of terephthalamides 
to small molecules and new polymers. 
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Janus crosslinks in supramolecular networks 

Swagata Mondal1, mondalswagata@ufl.edu, Jacob J. Lessard1, Chhuttan Meena2, Gangadhar 
J. Sanjayan2, Brent S. Sumerlin1. (1) Chemistry, University of Florida, Gainesville, Florida, United 
States (2) Organic Chemistry, Council of Scientific & Industrial Research, Pune, Maharashtra, 
India  

Thermosets composed of crosslinked polymers demonstrate enhanced thermal, solvent, 
chemical, and dimensional stability as compared to their non-crosslinked counterparts. However, 
these often-desirable material properties typically come at the expense of reprocessability, 
recyclability, and healability. One solution to this challenge comes from the construction of 
polymers that are reversibly crosslinked. We relied on lessons from Nature to present 
supramolecular polymer networks comprised of cooperative Janus-faced hydrogen bonded 
crosslinks. A triazine-based guanine-cytosine base (GCB) with two complementary faces capable 
of self-assembly through three hydrogen bonding sites was incorporated into poly(butyl acrylate) 
to create a reprocessable and recyclable network. Rheological experiments and dynamic 
mechanical analysis (DMA) were employed to investigate the flow behavior of copolymers with 
randomly distributed GCB units of varying incorporation. Our studies revealed that the 
cooperativity of multiple hydrogen bonding faces yields excellent network integrity evidenced by a 
rubbery plateau that spanned the widest temperature range yet reported for any supramolecular 
network. To verify that each Janus-faced motif engages in multiple crosslinks, we studied the 
effects of local concentration of the incorporated GCB units within the polymer chain. Mechanical 
strength improved by colocalizing the GCB within a block copolymer morphology. This enhanced 
performance revealed that the number of effective crosslinks in the network increased with the 
local concentration of hydrogen bonding units. Overall, this study demonstrates that cooperative 
non-covalent interactions introduced through Janus-faced hydrogen bonding moieties confers 
excellent network stability and predictable viscoelastic flow behavior in supramolecular networks. 
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Tough ionic elastomers by in situ phase separation for ionotronics 

zhenwu wang, wangzhenwuup@163.com. Karlsruhe Institute of Technology (KIT), Institute of 
Biological and Chemical Systems-Functional Molecular Systems (IBCS-FMS), Eggenstein-
Leopoldshafen, baden wuerttemberg, Germany  

Ionically conductive elastomers, bridging the gap between mechanical and electrical properties, 
hold great promise for realizing human-machine interfaces, bioelectronics, or wearable sensors. 
Current design strategies for these materials are mainly based on electrolytes dissolved in small 
molecule solvents or solvent-free systems, which usually suffer from problems associated with 
the solvent (leakage, evaporation, toxicity, etc.) or poor mechanical properties, respectively. Here, 
we demonstrate a strategy to fabricate ionic elastomers by polymerizing one monomers in 
mixture of poly(ethylene glycol) (PEG) and poly(propylene glycol) (PPG) with salts. Using 
PEG/PPG as solvent avoids the solvent leakage, evaporation, toxicity. Then, polymerized elastic 
networks present distinct solubility with PEG (highly soluble) and PPG (poorly soluble), resulting 
in a macroscopically homogeneous covalent network with in situ phase separation. In detail, the 
polymer-rich phase (PPG) with hydrogen bonds that dissipate energy and strengthen the gel; and 
the solvent-rich phase (PEG) that enables for large strain. In addition, the incorporation of ions 
into PEG/PPG solvent led to an additional enhancemwnt of both the strength and the toughness. 
Thus, the hierarchical structure was built with the phase separation (micro-level) and ionic 
interactions (nano-level), showing high fracture strength (12 MPa), fracture energy (54 kJ m-2) 
and Young’s modulus (60 MPa), while being highly stretchable (over 500% strain). Further, the 
designed ICEs were used to fabricate electrodes for electrocardiograms and pneumatic artificial 
muscles, showing its versatility in ionotronic devices. The proposed strategy offers fundamental 
and extensible materials for a variety of ionotronics, and further provides inspiration for the design 
of novel ionic elastomers. 

 
Tough Ionic Elastomers by in situ Phase Separation for Ionotronics  
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Synthesis and characterization of well-defined amphiphilic diblock copolymers of 2-ethyl-
2-oxazoline and vinylidene fluoride 

Norah Aljeaban1, naj-88@hotmail.com, Nikos Hadjichristidis2. (1) EXPEC Advanced Research 
Center (ARC), Saudi Arabian Oil Co, Dhahran, Eastern, Saudi Arabia (2) Chemistry Science 
Program, Physical Science and Engineering Division, KAUST Catalysis Center, King Abdullah 
University of Science and Technology Physical Sciences and Engineering Division, Thuwal, 
Makkah, Saudi Arabia  

Well-defined linear diblock copolymers with a hydrophobic fluoropolymer poly(vinylidene fluoride), 
PVDF and a hydrophilic poly (2-Ethyl-2-Oxazoline), PEtOx block, were successfully synthesized 
by combination of cationic ring-opening polymerization (LCROP) and reversible addition-
fragmentation chain transfer (RAFT) polymerization techniques. 
PEtOx was synthesized by LCROP of 2-ethyl-2-oxazoline (EtOx) monomer followed by two post-
polymerization reactions, esterification, and nucleophilic substitution to introduce at the chain end 
the necessary RAFT agent, i.e., xanthate for the sequential RAFT polymerization of fluorinated 
monomer, i.e., VDF and afford the PEtOx-b-PVDF diblock copolymers. 
The success of the synthesis of the macrotransfer agent and final diblock copolymers was 
confirmed by Proton Nuclear Magnetic Resonance Spectroscopy (1H-NMR) and Fourier 
Transform Infrared Spectroscopy (FT-IR). The number-average molecular weight (Mn) and the 
polydispersity index (PDI) of the copolymers, determined by Size Exclusion Chromatography 
(SEC), were 10.5–64 k and ≈1.2, respectively. The thermal properties, including glass transition 
(Tg), melting (Tm), and crystallization temperatures (Tc), were studied by Thermogravimetric 
Analysis (TGA) and Differential Scanning Calorimetry (DSC). The self-assembly of the 
amphiphilic copolymers in water/DMF was evaluated using dynamic light scattering (DLS) and the 
polymorphism by X-Ray Diffraction (XRD). 
The synthesized amphiphilic diblock copolymers combine both properties of PEtOx and PVDF, 
and thus render them a good candidate for biological and industrial applications. 

 
 
PEtOx-b-PVDF Sythesis Scheme 
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Synthesis and electrochemical characteristics of poly[(1,1-disubstituted-3,4-diphenyl-2,5-
silolene)-co-(ethynylene)] 

Ji Hoon Lee, Hyeong Rok Si, Se Yeon Park, Young T. Park, ytpark@kmu.ac.kr. Department of 
Chemistry, Keimyung University, Daegu, Korea (the Republic of)  

Dialkyl(R = Et, iso-Pr, n-Hex, and Ph)bis(phenylethynyl)silanes were reacted with lithium 
naphthalenide, anhydrous zinc chloride, and N-bromosuccinimide (NBS) to obtain 1,1-dialkyl(R = 
Et, iso-Pr, n-Hex, and Ph)-2,5-dibromo-3,4-diphenyl-siloles (1a-d), respectively, as monomers. 
Poly[(1,1-disubstituted-3,4-diphenyl-2,5-silolene)-co-(ethynylene)] (2a-d), conjugated polymers 
containing with silolene and ethynylene, were synthesized through the Stille coupling reaction 
between 1,1-dialkyl-2,5-dibromo-3,4-diphenyl-siloles (1a-d) and bis(tributylstannyl)acetylene as 
co-monomers, in the presence of toluene as solvent and 
dichlorobis(triphenylphosphine)palladium as catalyst. The crude products were purified by 
precipitation with methanol and then furthermore purified by extraction with chloroform. The 
obtained polymeric materials were confirmed using 1H, 13C NMR, FT-IR, GPC, and UV-vis 
spectroscopy. The electrochemical properties of the prepared polymers as anode materials for 
lithium-ion batteries, for example, cyclic voltammetry (CV), C-rate performance, long cycling 
performance, and electrochemical impedance spectroscopy (EIS), were examined, particularly. 
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Synchronous synthesis of polymeric vesicles with controllable size and low-polydispersity 
by polymerization-induced self-assembly 

Renman Zhu, zrm@mail.ustc.edu.cn. Polymer Science and Engineering, University of Science 
and Technology of China, Hefei, Anhui, China  

The size and size distribution of polymeric nanoparticles have great impact on their 
physicochemical and biological properties. Polymerization-induced self-assembly (PISA) has 
been demonstrated to be an efficient method to fabricate various polymeric nanoparticles, among 
which polymeric vesicles have attracted great interest due to their unique hollow structure. 
However, polymeric vesicles with relatively broad size distributions and random size are normally 
formed, which is problematic for many potential applications. Herein, we report the synthesis of 
polymeric vesicles with low-polydispersity and controllable size by polymerization-induced self-
assembly. A mixed macro RAFT agent of three different poly(ethylene glycols) (PEGm-CPADB) 
was used to mediate the RAFT dispersion copolymerization of 7-(2-methacryloyloxyethoxy)-4-
methylcoumarin (CMA) and benzyl methacrylate (BzMA), which generated vesicles with low-
polydispersity (< 0.1) and controllable size in the scope of sub-100 nm. In comparison, RAFT 
dispersion copolymerization of CMA and BzMA using a single PEG-CPADB as the macro RAFT 
agent generated vesicles with adjustable but obviously larger size and broader size distributions 
(> 0.1). The results demonstrate that the ternary stabilizers play crucial role on the formation of 
small and low-polydispersity vesicles. 
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Microwave-assisted PEG copolymer synthesis for aqueous film-forming foams 

Loren C. Brown, loren.c.brown11@gmail.com, Katherine M. Hinnant, Grant C. Daniels, Braden 
Giordano. US Naval Research Laboratory, Washington, District of Columbia, United States  

Amphiphilic random copolymers of various molecular weight poly(ethylene glycol) (PEG) and 
alkyl-hydrophobic acrylates were synthesized via microwave-assisted reversible addition 
fragmentation chain transfer (RAFT) polymerization. Poly(ethylene glycol)monomethacrylate 
(PEGMA, average Mn 200 and 400 molecular weight), –OH terminal group, and poly(ethylene 
glycol) monomethyl ether monomethacrylate (PEGMMA, average Mn 200, 400, and 1000 
molecular weight), –OCH3 terminal group, were used as the hydrophilic monomers. Each series 
of PEG-functionalized copolymers was produced using an alkyl-hydrophobic acrylate such as 
butyl acrylate (BA) or Lauryl acrylate (LA). The copolymers were successfully produced 
synthetically utilizing a microwave, giving comparable results to a conventional procedure in a 
shorter timeframe. The PEG-functionalized copolymers provide a systematic trend of solution 
properties including surface tension, critical micelle concentration (CMC), foam lifetime, and foam 
degradation over hot heptane. Lower molecular weight PEG copolymers (average Mn 200) were 
able to reduce the surface tension of water better than its heavier molecular weight counterparts. 
The characterization of the copolymers was examined by 1H nuclear magnetic resonance (NMR), 
Attenuated Total Reflection Fourier Transform Infrared (FTIR-ATR), and a Dynamic Foam 
Analyzer (DFA). The copolymers described are promising additives for aqueous film-forming 
foams (AFFF). 
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Synthesis of regioregular poly(allenamer)s via ring-opening allene metathesis 
polymerization of substituted cyclic allenes 

Megan C. Murphy1, megancm2@illinois.edu, William J. Neary2,1, Jeffrey S. Moore2,1. (1) 
Department of Chemistry, University of Illinois Urbana-Champaign, Urbana, Illinois, United States 
(2) Beckman Institute for Advanced Science and Technology, University of Illinois Urbana-
Champaign, Urbana, Illinois, United States  

Ring-opening allene metathesis polymerization of cyclic allenes is a promising method to 
synthesize poly(allenamer)s. However, fast catalyst death rates have hindered their synthesis, 
resulting in high dispersities and low molecular weights. Here, we report the synthesis of 
poly(allenamer)s using novel derivatized cyclic allene monomers. Enhanced rates of 
polymerization and high regioregularity were observed. Furthermore, the derivatization of the 
cyclic allene monomers allowed for extended catalyst lifetime over the polymerization and higher 
molecular weights. 
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Controlled living radical polymerization using Lewis-base hydrogen atom transfer 
catalysis 

Saerona Kim1, skim216@syr.edu, Hyun Yu1, Udaya S. Dakarapu2, Junha Jeon2, Gyu Leem1. (1) 
Chemistry, SUNY College of Environmental Science and Forestry, Syracuse, New York, United 
States (2) Chemistry and Biochemistry, The University of Texas at Arlington, Arlington, Texas, 
United States  

Controlled living radical polymerization processes are widely utilized in every aspect of polymer 
synthesis. Especially, under aerobic conditions, this controlled living radical polymerization 
reaction is crucial for applications in a variety of petroleum industrial fields, including coatings, 
paints, 3-D printing, and medicine. In this work, we developed oxygen tolerance in 
controlled/living radical polymerization using Lewis base-catalyzed complexation-induced 
hydrogen atom transfer (LBCI-HAT) catalysis and reported the kinetic aspects of LBCI-HAT 
polymerization by incorporating alkali metal Lewis base (LB) catalysts and hydrosilanes. There 
are three main factors in LBCI-HAT polymerization: (1) the cage effect of crown-ethers, (2) 
hydrosilanes ligand, (3) the para-substituted styrene bearing electron-withdrawing (EWG) and 
electron-donating groups (EDG). To demonstrate the reaction kinetics, the in-situ time-resolved 
measurements with styrene monomers were carried out by FT-NIR. The conversion of styrene to 
polystyrene was monitored at 6136 cm−1, which corresponds to the C=C double bond stretching 
vibration of the vinyl group. The polymerization kinetic is ln([M0]/[Mt]) obtained by linear fitting of 
the first-order kinetic plots of the FT-NIR conversion. The coordinating agent, 18-crown-6-ether 
(18-c-6-e), has a significant effect on the polymerization rate (18-c-6-e > 15-c-5-e > 12-c-4-e). In 
the presence of 18-c-6-e, the conversion exhibited 100% in open-air condition and KOtBu/H2SiEt2 
condition was shown the highest kinetic, 15×10−2s−1 (Mn:< 20,000, PDI: <1.7). On the basis of 
kinetic studies above, we evaluated the following factors; (1) polymerization pathways and 
structure-reactivity correlation in LBCI-HAT, and (2) synthesis of homopolymers and copolymers 
with controlled molecular weight, relatively low dispersity based on mechanistic studies. Thus, the 
LBCI-HAT polymerization method can give a new approach to the controlled polymerization 
processes in aerobic conditions. 

 
Scheme 1. Mechanism of LBCI-HAT polymerization. 
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Folding of aromatic polyamides into a rare intrachain β-sheet type structure and further 
reinforcement of secondary structure through host-guest interactions 

Subhendu Samanta, samantasubhendu95@gmail.com, Raj K. Roy. Department of Chemical 
Sciences, Indian Institute of Science Education and Research Mohali, Manauli, Punjab, India  

During the last two decades, synthetic macromolecules have been successfully folded into 
various types of secondary structures by following biological principles. Since the pioneering work 
by Hamilton and co-workers in the late 90s, a large number of aromatic oligoamides based on 
heterocycles and benzene-derivatives have been designed and synthesized for folding studies. 
Among various folded structures, helix, planner-sheet, and zigzag structures are the most 
common secondary structures that have been observed so far. Despite significant advancement, 
owing to their intrinsic aggregation tendency, mimicking the β-sheet structure is relatively rare. 
In my presentation, I will demonstrate the design of a polymer and the underlying principles for 
mimicking β-sheet structure. To this objective, a pair of periodically-grafted clickable aromatic 
polyamides have been designed and their propensity to fold into a β-sheet-like structure has been 
studied experimentally and by using computational studies. Among the two polymer chains, the 
polymer comprises both intramolecular H-bonding as well as π-stacking motifs readily fold into a 
β-sheet-like secondary structure. However, the other polymer was structurally identical with the 
previous one except for the intramolecular H-bonding motifs, assuming random coil 
conformations under similar experimental conditions. In addition to demonstrating the role of H-
bonding and π-stacking interactions in effecting β-sheet-like folding, the reinforcement of this 
secondary structure through host-guest interaction will also be demonstrated. Possible 
applications of these molecules as through-space electron-conducting materials and 
organocatalysis can be envisaged. 
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Synthesis of hyper cross-linked polymers: Applications in efficient removal of dyes and 
heavy metal ions from water 

Asad Maqsood, asadali4993@gmail.com. Chemistry, COMSATS University Islamabad - Lahore 
Campus, Lahore, Punjab, Pakistan  

Hyper Cross-linked Polymers (HCPs) are synthesized using post crosslinking strategy developed 
by Tan. These cross-linking networks show effective adsorption of dyes and also heavy metal 
ions removal from the water samples. HCPs have gained much attention because of their high 
porosity, large surface area, high permeability, high adsorption capacity, resistance to heat and 
temperature and increased ability for gas capturing, etc. Bromocresol Green and Methyl Orange 
Dyes were used in the experiment. The concentration of the dye's removal ability was known by 
using the UV-VIS Spectrophotometer. These microporous organic polymers can be characterized 
using Nuclear Magnetic Resonance Spectroscopy (13C-NMR & 1H-NMR) Fourier Transform infra-
Red Spectroscopy (FT-IR), UV-VIS Spectroscopy, Thermal Gravimetric Analysis (TGA), and 
Differential Scanning Calorimeter (DSC). 
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Nitrogen-rich anthracene-based porous polymers for iodine enrichment and selective 
detection of metal ions 

Oussama El-Kadri, oelkadri@aus.edu. American University of Sharjah, American University of 
Sharjah, Sharjah, Sharjah, AE, academic, Sharjah, United Arab Emirates  

Fossil fuels constitute the primary source of energy today. While they are energy dense and 
reliable, they have taken a massive toll on the environment. Both the extraction and combustion 
of fossil fuels emit harmful greenhouse gases, most prominently, carbon dioxide, which is 
believed to be the main cause of climate change and global warming. Nuclear energy is 
considered as one of the most prominent alternative to fossil fuels given its high energy density 
and low carbon footprint. However, exhaust fumes coming off nuclear power plants contain high 
percentage of radioactive materials such as 129I and 131I isotopes that have half-lives of about 8 
days and 15.7 million years, respectively, and thus impose major environmental and health 
concerns. As a result, there is a great need to develop novel materials that are capable to capture 
and store iodine vapor before its release into the atmosphere.  
Porous organic polymers (POPs), made of covalently bonded-light atoms such as C, N, O, and S, 
are considered one of the most promising iodine sorbents given their high surface areas, 
remarkable thermal and chemical stabilities, and tunable functionality. In this work, we report on 
the synthesis and characterization of two nitrogen-rich, anthracene-based porous organic 
polymers, NRPOP-1 (SABET = 544 m2 g-1) and NRPOP-2 (SABET = 424 m2 g-1). The two polymers 
display high iodine uptake (up to 281 wt. %) and able to release more than 98 % of the loaded 
iodine when immersed in polar organic solvent at room temperature. In addition, these polymers 
show high selective sensing for iron(III) metal ion. The exceptional performance of these 
polymers in iodine removal and ability to detect metal ions make them very promising materials in 
solving a major environmental concern. 
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Thymine-modified silicones: A bio-inspired approach to crosslinked silicone polymers 

Laura Voigt1, laurajvoigt@hotmail.com, Katie Tucker2, Paul Zelisko1. (1) Chemistry, Brock 
University, St. Catharines, Ontario, Canada (2) Chemistry, Cardiff University, Cardiff, Cardiff, 
United Kingdom  

Inspired by the interaction of DNA bases, the focus of this research is the functionalization of 
silicone polymers with thymine and the use of its hydrogen-bonding capacity to create a bio-
inspired, crosslinked silicone material. As one of the four nucleotide bases found in DNA, thymine 
has the capability to hydrogen bond due to its donor-acceptor character. An excellent illustration 
of the power of these hydrogen bonds – and a prime example of their use in a polymeric system – 
is their role in DNA. The double helix of DNA is held together by the hydrogen bonds between 
complementary nucleotide base pairs. Thymine bases located on one strand of DNA will form 
hydrogen bonds with adenine bases on the opposite strand. The collective strength of these 
hydrogen bonds is enough to hold both strands of DNA together. These hydrogen bonds can also 
be disrupted, allowing the DNA strands to be separated in order to be replicated or transcribed. 
Applying the same concept to a silicone polymer system could create a network in which the 
hydrogen bonds between the polymer chains can be similarly disrupted and reannealed, allowing 
the material to be readily recycled. 

While thymine usually hydrogen bonds with adenine in DNA to preserve the genetic code, it also 
has the capacity to hydrogen bonding to itself, similar to the concept of the wobble region of 
certain segments of RNA. We have synthesized a library of silicone polymers with varying 
amounts of thymine and at a range of molecular weights. As the amount of thymine increases 
within the silicone polymers, the resulting material becomes more viscous, or even completely 
solid, indicating that the mobility of the polymer chains is being impeded, presumably as a result 
of inter-chain hydrogen bonding. Removing thymine’s capacity to hydrogen bond by methylating 
its imide nitrogen atom results in materials that remain liquid, and are apparently devoid of any 
crosslinking. The synthesis, proprieties, and recyclability of these polymeric species will be 
discussed. 
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Synthesis of fluorine-substituted silicones and their applications as surface coatings 

Julio Trevino, jt15hj@brocku.ca, Paul Zelisko. Brock University, Saint Catharines, Ontario, 
Canada  

Fluorosilicones are siloxane-based polymers widely known for their desirable chemical and 
physical properties, such as fuel, chemical, and radiation resistance, low surface energy, and 
high thermal stability. Various synthetic routes can lead to high-molecular weight fluorosilicone 
polymers, with the most practical method being anionic ring-opening polymerization. This 
synthetic route also allows for the installation of useful end-group functionalities using an array of 
different chlorosilanes. As of late, various sectors of industry have drawn significant attention to 
materials with low surface energies that can be employed as coatings to protect surfaces against 
environmental damages. Based on the demand for high-performance material coatings, the focus 
of this research is the synthesis and analysis of fluorosilicone polymers and their use as glass, 
ceramic, and metal coatings. The protection profiles that classical material coatings can offer are 
frequently mutually exclusive, and usually cannot possess both oleophobic and hydrophobic 
character simultaneously. However, fluorosilicones can offer a wide spectrum of protection by 
virtue of the structure of their backbone; the high abundance of fluorine atoms can provide 
protection against most organic compounds, while the methyl units on the silicon atoms provide 
sufficient protection against water. The excellent mobility of the silicon-oxygen bond also enables 
facile bond rotation, which provides the material with ample flexibility at a broad range of 
temperatures. We have synthesized a library of triethoxysilane-terminated 
polytrifluoropropylmethylsiloxanes with varying molecular weights (1,000, 2,500, 5,000, and 
10,000 g/mol). With their alkoxy terminations, these fluorosilicone polymers are able to interact 
with alcohol-containing surfaces under the right conditions, forming coatings. Furthermore, as the 
linear chains grow larger in size, there is a radical increase in viscosity and resistance to organic 
solvents, such as hexane, pentane, and toluene. These effects are observed thanks to the 
trifluoropropyl chains that can be found along the backbone of the polymer. The strong 
hydrophobic and oleophobic character and low interfacial surface tension energies of these 
polymers will be advantageous for the synthesis of surface coatings. The synthesis, bulk 
properties, and surface activity of these telechelic polymers will be discussed. 
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Free and controlled radical photopolymerization of vinylidene fluoride with R6Sn2 (R = Me, 
Bu) and alkyl and perfluoroalkyl iodides 

Abhirup Dutta, abhirup.dutta@uconn.edu, Joon-Sung Kim, Vignesh Vasu, Olumide Adebolu, 
Christopher P. Simpson, Anand Dixit, Alexandru D. Asandei. Chemistry and Institute of Materials 
Science, University of Connecticut, Storrs, Connecticut, United States  

Initiation of the radical polymerization of main chain fluorinated monomers such as vinylidene 
fluoride (CH2=CF2, VDF) usually necessitates very reactive primary alkyl radicals and high 
temperatures. We have previously demonstrated that the visible light photolysis of (CO)5Mt-
Mt(CO)5 (Mt = Mn, Re) dimers produces very reactive Mt(CO)5● radicals which although do not 
add to VDF to initiate polymerization, do abstract halides and promote VDF radical 
polymerizations from a variety of alkyl, semi- and perfluoroalkyl R-X halides even at room 
temperature. Moreover, perfluorinated RF-I derivatives additionally enable a controlled radical 
polymerization (CRP) via iodine degenerative transfer (IDT). Recently, we have also shown that 
the photolysis of related group 14 dimers R’3Q-QR’3 (Q = Sn, Ge, Pb, R’ = alkyl, aryl) forms a 
mixture of R● and QR3● radicals which add to alkenes as direct, universal initiators for the free 
radical polymerizations (FRPs) of VDF and other monomers. Since group 14 QR’3● radicals (e.g. 
Bu3Sn●) are known radical halide abstractors, we decided to similarly evaluate them in 
conjunction with iodide derivatives. 

We are presenting herein the evaluation of a series of regular and perfluorinated alkyl iodides 
(CH3-I, CH3-(CH2)5-I, I-CH2-I, CHI3, CF3-(CF2)3-I, I-(CF2)6-I) as chain transfer agents in the radical 
polymerization of VDF mediated by the photolysis of Me6Sn2 and Bu6Sn2. An in-depth analysis of 
1H and 19F NMR spectra indicates that polymerization is initiated by a competition between R’●, 
R’3Sn●, solvent● and R● radicals, and determined by the bond dissociation energy (BDE) of R-I, 
i.e. by its chain transfer constant. As such, tin and solvent-derived initiation chain-end fragments 
are observed for CH3-I, CH3-(CH2)5-I, I-CH2-I and CHI3 which afford VDF-FRP, whereas the 
superior CF3-(CF2)3-I, I-(CF2)6-I RF-I chain transfer agents completely suppress solvent and 
R6Sn2-derived initiation and display only RF- initiator fragments as well as both types of PVDF 
iodine chain ends, i.e., RF-CH2-CF2-PVDF-CH2-CF2-I /~CF2-CH2-I, and lead to a controlled radical 
polymerization mediated by iodine degenerative transfer (IDT). 
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Vanillin-Jeffamine® derived resin formulations for 3D printing with self-healing and 
reprocessability based on transimination reactions 

Karen P. Cortes-Guzman1, karen.cortesguzman@utdallas.edu, Ankit Parikh2, Ashele Remy1, 
Marissa Sparcin1. (1) Chemistry and Biochemistry, The University of Texas at Dallas, Richardson, 
Texas, United States (2) Mechanical Engineering, The University of Texas at Dallas, Richardson, 
Texas, United States  

Transimination reactions are one of the best dynamic covalent reactions to pursue when 
providing reprocessability to thermosets, as they can undergo exchange without the need for 
catalysts, by exposing the materials to stimuli like heat. In this work a series of five biobased 
vanillin derived resin formulations consisting of vanillin acrylate with vanillin methacrylate 
functionalized Jeffamines® were synthesized, and 3D printed using digital light projection (DLP). 
The resulting thermosets can be produced with a range of mechanical properties (Young’s 
modulus 0.26 – 332 MPa) which allows for an array of possible applications. The materials we 
obtained have self-healing abilities which were characterized by scratch healing tests. 
Additionally, dynamic transimination reactions enable these thermosets to be reprocessed when 
thermally treated above their glass transition temperatures under high pressures using a hot-
press. Due to the simple synthetic procedures and the readily availability of commercial 
jeffamines®, these series of resins provide a promising alternative to commonly used 3D 
printable resins, in order to shift to materials with predominantly biobased content and help drift 
away from polymers made from non-renewable resources. 
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Biochar as a filler material in plastics: Reducing plastics environmental impacts and 
reusing waste 

Seth Kane1, sethkane@montana.edu, Elisabeth Van Roijen2, Sabbie Miller2, Cecily Ryan1. (1) 
Mechanical and Industrial Engineering, Montana State University, Bozeman, Montana, United 
States (2) Department of Civil and Environmental Engineering, University of California Davis, 
Davis, California, United States  

Biochar has been widely examined as an alternative bio-based filler material in plastics. In this 
application, biochar is a promising alternative to fossil fuel-derived filler materials, such as carbon 
black, and can improve the strength and stiffness of various plastics. In this work, we perform an 
environmental impact assessment examining how biochar fillers reduce the environmental 
impacts of biodegradable, recycled, and petroleum-derived plastics. First, composites of forest-
residue-derived biochar with HDPE, recycled HDPE, and PLA are found to be carbon neutral at 
biochar loadings that result in increased tensile strength and stiffness. Next, biochar produced 
from the high volume and high environmental impact waste stream of food waste is characterized 
and examined for application in plastic composites, highlighting the potential for a valuable 
material to be produced from this important waste stream. 
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Orthogonally deconstructable and depolymerizable polydioxasilocenes via entropy-driven 
ring-opening metathesis polymerization 

Alayna M. Johnson, alaynaj1212@gmail.com, Keith E. Husted, Landon Kilgallon, Jeremiah A. 
Johnson. Chemistry, Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States  

Installing chemically labile bonds into the backbone of hydrocarbon polymers holds promise for 
making otherwise inert materials more susceptible to deconstruction. Silyl ethers are an attractive 
option for this purpose because they boast both usually high bond strength under atmospheric 
conditions and facile degradability with a variety of triggers. Here, we report the entropy-driven 
ring-opening metathesis polymerization of a low ring-strain cyclic silyl ether to provide high 
molecular weight homopolymers with backbone deconstructability in the presence of both 
aqueous acid and fluoride. The ring-chain equilibrium and the subsequent partial 
depolymerization and controlled molecular weight reduction of the polymer chains are reported. 
Characterization of the polymers, including their thermal properties and regiochemistry, suggests 
that cyclic silyl ether olefins could be attractive comonomers to aid in the deconstruction of 
otherwise nondegradable hydrocarbon polymers. 
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unilamellar polymer vesicles with a temperature-
responsive polymer | Poster Board #3777 
Marina de Souza Melchiors, Presenter; Tsvetomir 
Ivanov; Claudia Sayer; Pedro Araújo; Lucas da Silva; 
Calum Ferguson; Katharina Landfester 
 
3737168 - Self-reporting supramolecular cross-linker 
for dynamic polymer materials | Poster Board #3781 
Derek Kiebala, Presenter; Stephen Schrettl; Dr. 
Christoph Weder 
 
3741832 - Complexation enthalpy and salt resistivity 
of polyelectrolyte complexes | Poster Board #3775 
Zachary Digby, Presenter 
 
3737317 - Withdrawn 
3750369 - Withdrawn  
3751808 - Withdrawn  
 
3754957 - Towards controlled synthesis of 
mechanically interlocked polymers | Poster Board 
#3771 
Yunyan Qiu, Presenter; James Stoddart 
 

Federally Funded Research for Polymer 
Circularity: 

Kathryn Beers, Organizer; Kathryn Peretti, Organizer; 
Christina Payne, Organizer 
Co-Sponsor/Theme: Financial Co-sponsor COMSCI 
 
3734119 - Microwave-enhanced catalytic upcycling of 
polymer | Poster Board #3244 
Yuxin Wang, Presenter; Jianli Hu; Changle Jiang 
 
3739932 - Nano-ZrO2 localized within a mesoporous 
architecture catalyzes selective hydrogenolysis of 
polyethylene | Poster Board #3246 
Akalanka Tennakoon, Presenter; Shaojiang Chen; 
Kyung-Eun You; Alexander Paterson; Dr. Ryan 
Yappert; Fenghua Ding; Xun Wu; Ryan Hackler; 
Massimiliano Delferro; Tao Li; Frédéric Perras; 
Andreas Heyden; Aaron Sadow; Wenyu Huang 
 
3741230 - Evolution of chain structure in the 
glycolysis of poly(ethylene terephthalate) | Poster 
Board #3153 
Shelby Watson-Sanders, Presenter; Joshua 
Moncada; Mark Dadmun 
 
3743061 - Solar light enhanced recycling of thermoset 
polymers | Poster Board #3248 
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Presenter; Bryan Katzenmeyer, Presenter; Karl lo; 
Mark Ritchie; Nobutake Sato 
 
3739902 - Developing heterocyclic isoxazolone-based 
dynamic thia-Michael acceptors | Poster Board #3452 
Alex Crolais, Presenter; Neil Dolinski; Nicholas 
Boynton; Scott Snyder; Stuart Rowan 
 
3740034 - Synthesis and reactivity of biodegradable, 
polymer-supported oxygen atom transfer reagents | 
Poster Board #3454 
David Price, Presenter; Austin Becksvoort, Presenter; 
Erin Ramey; Christopher Turlington, Presenter 
 
3740048 - Fast and selective polymerization of 
metallic monomers using organic catalysts | Poster 
Board #3445 
Cole Buller, Presenter; Kjersti Oberle; Katherine 
Webster; Christopher Turlington 
 
3740089 - Applications and properties of bio-inspired 
Iron-chelating epoxy resin | Poster Board #3644 
Nickolas Chalgren, Presenter; Michael Forrester; Eric 
Cochran 
 
3740185 - Printing piezoelectric particles in polymer 
photoresin | Poster Board #3449 
Julia Fraser, Presenter; Jorge Ayarza; Kyle Chin; 
Aaron Esser-Kahn; AJ Boydston 
 
3740264 - Efficient synthesis of discrete polymer 
architectures via organometallic reagents | Poster 
Board #3455 
Grace Kunkel, Presenter; Joseph Treacy; Alexander 
Spokoyny; Heather Maynard 
 
3740320 - Encapsulation of functional payloads into 
(hyper)branched polytriazole-based unimolecular 
containers | Poster Board #3447 
Kangling Ma, Presenter; Xiuyu Jin; Dr. Haifeng Gao 
 
3740349 - Controlled synthesis of strong 
donor/acceptor-based conjugated polymers and their 
(co)polymers via universal Suzuki−Miyaura catalyst-
transfer polymerization | Poster Board #3255 
Jaeho Lee, Presenter; Tae Choi 
 
3740522 - Expanded utility of metal-free ring-opening 
metathesis polymerization via ion pairing effects | 
Poster Board #3573 
Shuyi Zhang, Presenter; Sean Gitter; AJ Boydston 
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cationic polymerization of N-vinylcarbazole using 
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driven by molecular photoisomerization | Poster Board 
#3453 
Masoud Kazem-Rostami, Presenter; chuang li; James 
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Board #3553 
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3741386 - Synthesis of structurally diverse peptide 
adsorbents for emergency drug overdose treatment | 
Poster Board #3548 
Hunter Wood, Presenter; Stefanie Sydlik 
 
3741423 - Molecular engineering of π-conjugated 
polymer with metal-ligand interactions: Synthesis and 
applications | Poster Board #3253 
Blake St. Onge, Presenter; Simon Rondeau Gagne 
 
3741788 - Shape shifting polymers from bullvalene | 
Poster Board #3247 
Meredith Pomfret, Presenter; Matthew Golder; 
Matthew Ross Golder; Brian Sun; Anna Freund 
 
3741973 - Model silicone elastomers containing 
silicone oils for reduced fouling and ice adhesion | 
Poster Board #3550 
Maryam Safaripour, Presenter; Dean Webster 
 
3741981 - Determining active chain end distribution of 
MF-ROMP via quench-labeling | Poster Board #3552 
Vincent Rigoglioso, Presenter; AJ Boydston 
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3742044 - Design of RGDS-immobilized self-
assembling peptide from barnacle protein | Poster 
Board #3554 
Yoshiaki Hirano, Presenter; Daisuke Fujii; Ami Takagi; 
Kei Kamino 
 
3742193 - Design of efficient UV-protective 
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3753980 - Easy and convenient synthesis of 
poly(catechol-co-sytrene) by suspension 
polymerization for under water adhesion | Poster 
Board #3660 
Alexandre Lancelot, Presenter; Nevin Naren; Cindy 
Atencio-Martinez; Jennifer Garcia Rodriguez; 
Jonathan Wilker 
 
3754247 - Withdrawn 
3754582 - Withdrawn 
 
3755096 - Optimization of a Baeyer-Villiger oxidation 
reaction for the synthesis of γ-alkanoyl-ε-
caprolactones | Poster Board #3664 
Meheret Ourgessa, Presenter; Lila Lofving, Presenter; 
Elizabeth Haljun; Dr. Yutan D. Y. L. Getzler, PhD 
 
3755531 - New polymers from 1,2,3-trithiolanes and 
properties of trithiolane-containing materials | Poster 
Board #3672 
Mariel Price, Presenter; Katherine Harry; Analiese 
Wiedenbeck; Analiese Wiedenbeck; Cameron 
Chrisman; Garret Miyake 
 

 
Green Polymer Chemistry & Sustainability: 

Dr. H.N. Cheng, Organizer; Richard Gross, Organizer 
Session Type: Poster - In-person 
Co-Sponsor/Theme: Theme: Green Chemistry 
Theme: Sustainability 
 
3723986 - Design of polyester having zwitterionic 
structure for oil repellent material | Poster Board 
#3663 
Akifumi Kawamura, Presenter; Rika Itomitsu; Takashi 
Miyata 
 
3728602 - Rapid and energy-efficient glycolysis of 
recycled PET | Poster Board #3676 
Zahra Aayanifard, Presenter; Dr. Muhammad 
Rabnawaz, Ph.D. 
 
3731753 - Pillar[5]arene and norbornene-based 
systems: New generation of recyclable and high 
performance materials | Poster Board #3682 
Solenne Ritaine, Presenter; Kedafi Belkhir; Patrice 
Woisel; Jonathan Potier; Jérôme Claverie 
 
3735541 - Evaluating poly(anhydride-ester)s’ 
hydrolytic degradation & encapsulation characteristics 
for small molecule release | Poster Board #3678 
Nhien Nguyen, Presenter; Mariana Reis Nogueira de 
Lima; Kaitlyn Ngo; Shuang Song; Thomas Dugger; 
Kathryn Uhrich 
 
3737318 - Withdrawn 
 

3737419 - Advancing materials development in limited 
data scenarios: Verifying sustainable solvent selection 
in polymer foam fabrication | Poster Board #3653 
Zoe Pollard, Presenter; Athar Roshandelpoor; Emily 
Ryan; Pirooz Vakili; Jillian Goldfarb 
 
3737492 - Reprocessing thermoset polyurethane 
through twin-screw extrusion and green catalysis | 
Poster Board #3677 
Molly Sun, Presenter; Daylan Sheppard; Prof William 
Dichtel 
 
3737969 - Ecologically sound mechanochemical 
fabrication of β-cyclodextrin polymers via twin-screw 
extrusion | Poster Board #3649 
Monalisha Jena, Presenter 
 
3738689 - Characterization of biofilm growth on 
acrylic elastomeric coatings with high solar reflectivity 
using an accelerated test method | Poster Board 
#3772 
Graham Abramo, Presenter; Vicki Demarest; Ashish 
Jayaraman; William Fabiny; Eric Dyke; George Daisey 
 
3738759 - Tailoring of cellulose nanocrystal surface 
via ‘grafting to’ methodology in the melt | Poster Board 
#3746 
Zehra OLUZ, Presenter; Celine Calvino; Nicholas 
Macke; Stuart Rowan 
 
3739043 - Little-known nylon: Nylon 5,9 properties | 
Poster Board #3683 
Peter Meyer, Presenter; Prerana Carter; Ting-Han 
Lee; Michael Forrester; Eric Cochran 
 
3739189 - Employing non-food biobased building 
blocks in various non-isocyanate PU-like materials 
with different architectures and properties | Poster 
Board #3675 
Yixuan Chen, Presenter; Nathan Purwanto; Boran 
Chen; John Torkelson 
 
3739784 - Bioplastic proteoposite films from plant 
proteins and plant oil-based latexes for food 
packaging applications | Poster Board #3661 
Tetiana Shevtsova, Presenter; Kristen Patnode; 
Andriy Voronov 
 
3740064 - Developing new ways to recycle plastics: 
Tunable ionic-bonded supramolecular block 
copolymers | Poster Board #3674 
Ksenia Karnaukh, Presenter; Shuyi Xie; Kai-Chieh 
Yang; Rachel Segalman; Glenn Fredrickson; Javier 
Read de Alaniz 
 
3740068 - Ruthenium removal from ring-opening 
metathesis polymerization via covalent capture 
purification | Poster Board #3764 
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Landon Kilgallon, Presenter; Jeremiah Johnson 
 
3740497 - High-quality coatings using vegetable-oil 
based polyurethane and graphene | Poster Board 
#3667 
vishwa suthar, Presenter; Magdalene Asare, 
Presenter; Ram Gupta, Presenter 
 
3740510 - Sustainable approach to reducing the 
flammability and improving thermomechanical 
properties of castor oil-based rigid polyurethane foam 
| Poster Board #3673 
A.A.P.R. Perera, Presenter; Sahilkumar Chaudhary, 
Presenter; Felipe M. de Souza, Presenter; Ram 
Gupta, Presenter 
 
3740827 - Synthesis of biodegradable thermoplastic 
elastomers using redox switchable polymerization | 
Poster Board #3645 
Jiangwei Liu, Presenter; Sarah Blosch; Jeff Byers; Dr. 
John B Matson 
 
3740941 - Facile preparation of low viscosity and 
recyclable Schiff base vitrimer resin for carbon fiber 
reinforced composites | Poster Board #3754 
Ming'en Fei, Presenter; Yu-Chung Chang; Lin Shao; 
Cheng Hao; Baoming Zhao; Jinwen Zhang 
 
3741000 - Dielectric spectroscopy investigation of 
hybrid conjugated polymeric memristors | Poster 
Board #3766 
Jarmila Vilčáková, Presenter; Stephen Foulger; Marek 
Jurca; Natalia Kazantseva; Petr Saha; Jiri Pfleger; 
Jaroslav Mosnacek 
 
3741155 - Azadipyrromethene copolymer 
nanoparticles | Poster Board #3744 
Grace Eder, Presenter 
 
3742197 - Thermally reversible thermoset 
nanocomposite based on dissociative covalent 
adaptable network | Poster Board #3752 
Jaehyun Cho, Presenter; Binoy Maiti; Daniel Collins; 
M.G. Finn; Blair Brettmann 
 
3742233 - Novel polyhydroxy alkanoate recovery 
method from engineered E.coli | Poster Board #3651 
Hooman Torabi, Presenter; Alireza Abbaspourrad 
 
3742289 - Acetals for adaptable, degradable and 
reprocessable thermosets | Poster Board #3647 
Josh Hayles, Presenter; steven brown; Patrick 
Fairclough; Seb spain 
 
3743153 - Synthesis and characterization of novel 
biobased epoxidized sucrose cornate | Poster Board 
#3665 

Michael Odegaard, Presenter; Dean Webster; 
Ewumbua Monono; Sanaul Huda 
 
3743556 - Aluminium(III) and zinc(II) complexes of 
azobenzene-containing ligands for ring-opening 
polymerisation of ε-caprolactone and rac-lactide | 
Poster Board #3679 
Sandeep Kaler, Presenter; Matthew Jones 
 
3743684 - Exploring grafting-through polymerization 
as a method for the surface functionalization of 
renewable cellulosic nanomaterials | Poster Board 
#3748 
Peter V Kelly, Presenter; William Gramlich; Douglas 
Gardner 
 
3743888 - Enhanced polymer composities with the 
incorporation of biobased core-shell polymers | Poster 
Board #3750 
Baker Kuehl, Presenter; Michael Forrester; Eric 
Cochran 
 
3749158 - Facile preparation, characterization and 
application of chitosan-coated natural diatomaceous 
earth for the removal of arsenic (V) from drinking 
water | Poster Board #3762 
Mr Ouro T Koumai, Presenter; George Sorial; Dr. 
Endalkachew Sahle Demessie 
 
3753172 - Sequestration of trace organic 
contaminants from water into poly(α-olefins) facilitated 
by polyisobutylene additives | Poster Board #3760 
Neil Rosenfeld, Presenter; Mara Alonso; Ethan Quinn; 
Thomas Malinski; David Bergbreiter 
 
3754996 - Polyamides with built-in flame-retardancy 
using biobased nitrogen-grafted trans-3-hexenedioic 
acid comonomers | Poster Board #3681 
Joseph Hadel, Presenter; Sohaima Noreen; Brent 
Shanks; Eric Cochran; Jean Philippe Tessonnier 
 
3755002 - Light as a sustainable trigger for the 
depolymerization of sulfur-containing polymers | 
Poster Board #3680 
Analiese Wiedenbeck, Presenter; Mariel Price; 
Katherine Harry; Cameron Chrisman; Garret Miyake 
 
3755047 - Combined computational and machine 
learning methods to design sustainable bioplastics | 
Poster Board #3655 
Bakhtiyor Rasulev, Presenter 
 
3753351 - Withdrawn 
3755315 - Withdrawn 
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Efficient catalytic copolymerization to polyethylene materials with in chain ketones 

Maximilian Baur, maximilian.baur@uni-konstanz.de, Fei Lin, Tobias O. Morgen, Lukas 
Odenwald, Stefan Mecking. Department of Chemistry, Universitat Konstanz, Konstanz, Baden-
Württemberg, Germany  

Polyethylene is the world’s most abundantly manufactured synthetic polymer, combining facile 
processing and low-cost production with excellent mechanical properties. The latter is particularly 
pronounced for high-density polyethylene (HDPE) and arises from a crystalline ordering of 
stretched hydrocarbon chains devoid of branching. However, these hydrophobic and chemically 
inert hydrocarbon chains can lead to problematic persistence when the materials are released to 
the environment, as they are not susceptible to common degradation pathways. One approach to 
overcome the drawbacks of crystalline polyethylene materials can be the direct catalytic 
copolymerization of ethylene with carbon monoxide. 

Here we report an advanced process development for the efficient catalytic copolymerization of 
ethylene and carbon monoxide to polyethylene materials, which contain in-chain ketone 
functionalization. Key is the application of suitable phosphinophenolate-coordinated Ni(II) 
catalysts, combined with an appropriate polymerization process design. This efficiently enables 
the non-alternating copolymerization of ethylene and carbon monoxide to incorporate a low 
density of individual ketones directly into the hydrocarbon chain. The so obtained polymers are 
not compromised in material properties, when compared to commercial polyethylene and can be 
processed by conventional techniques like injection molding. Despite fully retaining the desired 
material properties of HDPE, the in-chain ketones can act as predetermined breaking points and 
photodegradability is imparted. These novel polymers show enhanced degradation when 
exposed to simulated sunlight, thus potentially reducing the environmental persistence compared 
to conventional polyethylene. 

 
Schematic concept of in-chain ketones as predetermined breaking points in HDPE materials 
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Radical photopolymerization of 1,2-dithiolanes for the development of disulfide-linked 
covalent adaptable networks 

Sean P. Keyser, Spkeyser@gmail.com. Materials Science & Engineering, University of Colorado 
Boulder, Boulder, Colorado, United States  

Thermoset plastics are useful synthetic materials that once crosslinked, offer enhanced structural 
integrity and chemical resistance. These features allow molded thermoset parts to be used in a 
variety of challenging end-use environments, from electrical applications to automotive 
components to products with outdoor element exposure. However, despite these advantages, in 
contrast to thermoplastics, thermosets cannot be readily recycled via thermal reprocessing due to 
the covalent crosslink bonds that hold them together. The integration of covalent adaptable 
networks (CANs) into these materials via the use of dynamic covalent chemistries (DCCs) allows 
post cure processability while maintaining structural integrity and chemical resistance. Many 
examples of DCCs have been demonstrated throughout the literature including, allyl sulfide 
addition fragmentation, thiol-thioester exchange, boronate esters, and disulfides. Further, radical 
ring opening polymerizations of dithiolane groups allow photo generation of disulfide networks 
amenable to exogenous control of DCC. In this work we explored a variety of dithiolanes for their 
capacity to form networks that can relax dynamically via a variety of external stimuli (i.e. higher 
temperature, photoexposure, etc). These dithiolane exchange reactions easily incorporated 
complementary reactions (e.g. disulfide-ene, thiol-ene, etc) while maintaining useful mechanical 
properties. Future exploration of these radical dithiolane polymerizations and their subsequent 
post-cure processing will bolster innovation in sustainable thermosets and add to the toolbox for 
creating multi-use polymers. 
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Chemical recycling of polyolefin-like materials 

Samuel A. Marsden, sam.a.marsden@gmail.com, Benjamin W. Rawe, Zubin Kumar, Stuart J. 
Rowan. Pritzker School of Molecular Engineering, University of Chicago Division of the Physical 
Sciences, Chicago, Illinois, United States  

Polyolefins are everywhere in modern society on account of their numerous uses and low cost. 
The environmental impact of these materials is substantial as the majority are either discarded to 
landfills or as aqueous pollution, taking decades to degrade; a smaller amount are thermally 
degraded with poor energy recovery; and an even smaller portion are recycled to allow the waste 
to be reused. Common polyolefin plastics are mechanically recycled by shredding waste plastic, 
melt processing, and remodeling into new products. While this does continue the lifespan of the 
plastic, the mechanical properties of the new material are inferior to those of the virgin material, 
and often this process cannot be repeated due to further degrading mechanical properties after 
each round of recycling. We are developing a “closed loop” approach to the chemical recycling of 
modified polyolefins. Chemical recycling tends to allow for improved physical properties relative to 
mechanical recycling, but the majority of common polyolefins do not contain functional groups 
that allow chemical recycling to be a feasible solution. To solve this problem, we have 
synthesized polymers that have similar properties to commercial polyolefins but, on account of 
the presence of cleavable functionalities incorporated into the polymer backbone, can be 
depolymerized. The recovered telechelic polymer can subsequently be isolated and 
repolymerized to make a polyolefin-like material with identical properties to the original polymer or 
modified for a new purpose. Specifically, this poster presentation will detail telechelic polymer 
synthesis, their polymerization into polyolefin-like materials, and their chemical recycling. 

 
Telechelic undergoes polymerization to become a polymer, which is processed to become a commerical 
product. After use, the product becomes waste, which is depolymerized to form telechelic again. 
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Hydrolytic degradation of polyethylene-like materials over different lengthscales 

Simon T. Schwab, simon.schwab@uni-konstanz.de, Marcel Y. Eck, Katrin Wurst, Stefan 
Mecking. Universitat Konstanz, Konstanz, Baden-Württemberg, Germany  

Plastics released to the environment can persist for many decades or longer. Even in conjunction 
with a more responsible waste management, a non-persistent behaviour is desirable as a 
backstop. For the case of polyethylene, environmental degradation is hampered by its chemically 
inert hydrocarbon nature. In addition, for the case of linear polyethylene (HDPE) its' high 
crystallinity is the source of the materials desirable mechanical strength, but also impedes 
degradation. We have shown that low-densities of ester or carbonate breakpoints in polyethylene 
chains can enable an efficient closed-loop recycling, at the same time not compromising 
desirable processing and materials properties. These in-chain groups in principle also offer 
themselves for a hydrolytic environmental degradation, although the bulk materials are inert to 
aqueous acids or base at ambient conditions. Towards the aim of non-persistent polyethylene-like 
materials, this contribution discusses the degradation behaviour observed at different length 
scales from macroscopic to the microscopic regime. 

 

 
Schematic representation of the solid-state structure of HDPE (left) and polyethylene-like polymers with 
in-chain functional groups (right). 
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Polyethylene-like materials that degrade abiotically 

Marcel Y. Eck, marcel.eck@uni-konstanz.de, Simon T. Schwab, Léa Bernabeu, Stefan Mecking. 
Department of Chemistry, Universitat Konstanz, Konstanz, Baden-Württemberg, Germany  

Plastics released to the environment can persist for many decades or longer. Even in conjunction 
with a more responsible waste management, a non-persistent behaviour is desirable as a 
backstop. Polyethylene is a case example. Environmental degradation is hampered by its 
chemically inert hydrocarbon nature. In addition, for the case of linear polyethylene (HDPE) its' 
high crystallinity is the source of the materials desirable mechanical strength, but also impedes 
degradation. We have shown that low-densities of ester or cabonate breakpoints in polyethylene 
chains can enable an efficient closed-loop recycling. These groups in principle also offer 
themselves for a hydrolytic environmental degradation, although the materials are inert to 
aqueous acids or base at ambient conditions. This contribution discusses chemical and physical 
concepts to achieve a non-persistent nature of polyethylene-like materials. 

 

 
Schematic representation of the solid-state structure of HDPE (top) and polyethylene-like polymers with in-
chain functional groups (bottom). 
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Leveraging the butterfly effect to achieve chemical recyclability for recalcitrant 
polyethylene terephthalate 

Dhananjay Dileep1, djay11@iastate.edu, Ting-Han Lee1, Michael J. Forrester1, Aleksei Ananin2, 
Jack Bonde1, George A. Kraus2, Eric Cochran1. (1) Chemical and Biological Engineering, Iowa 
State University, Ames, Iowa, United States (2) Chemistry, Iowa State University, Ames, Iowa, 
United States  

Polyethylene terephthalate (PET) is a ubiquitously used thermoplastic exhibiting exceptional 
market prevalence due to its desirable thermomechanical, chemical, and optical properties. 
Intrinsic chemical undoing of the polyester is difficult at mild conditions due to the long chains 
comprising a rigid cartel of hydrophobic aromatic ester linkages impeding solvolysis. However, 
relatively inconspicuous changes to the backbone of conventional PET can yield to the butterfly 
effect of achieving an overall lower energetic demand for complete depolymerization. Ease of 
depolymerization for a polymer is strongly correlated to its molecular weight, crystallinity, glass 
transition temperature (Tg), nature of chemical constituents. Molecular weight considerations 
allow for a lumped parameter consideration of Tg, crystallinity, functional group mobility allowing 
for a suitable metric for studying rates of depolymerization. The inspiration of the study stems 
from observing a stark difference in the rate of chemical disassembly for a monomer vis-à-vis an 
oligomer and a polymer. An ease in depolymerization at a molecular scale is expected to mirror a 
similar although less pronounced effect at macromolecular scales. The inspiration for measuring 
the ease of depolymerization stems from studying the rate of oligomer solvolysis. It was observed 
that incorporation of reactive copolymeric moieties nicknamed trojan horse units at low dosages 
for a high molecular weight polymer were adequate to mirror catalytic hydrolysis rates of an 
oligomer. Nitroterephthalic acid makes a strong candidate for a potential trojan horse moiety as 
the nitro group being a strong electron withdrawing group allows for the carbonyl group of the 
ester to become strongly electrophilic making the ester preferentially susceptible to hydrolysis. 
This also allows one to reverse engineer a ceiling value for these reactive constituents needed to 
allow for milder chemical recycling. 

 
Demonstrating the butterfly effect of trojan horse implants in polyethylene terephthalate allowing milder 
hydrolysis  
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In-situ reactive extruding modification of post-consumer PET to determine safety and 
performance for food contact materials 

Jaeyoung Jang, wkdwodud9712@naver.com, Hojun Shin, Kambiz Sadeghi, Jongchul Seo. 
Packaging, Yonsei University - Mirae Campus, Wonju, Gangwon-do, Korea (the Republic of)  

The plastic wastes are continuously increasing, which approximately 8.3 billion tons of plastic 
wastes were generated in 2020. Additionally, the COVID-19 outbreak is promoting the growth of 
polyethylene terephthalate (PET) wastes. In this context, only 25% of plastic products are being 
recycled, of which the PET wastes are more feasible to be recycled. Mechanical recycling using 
an extrusion technique is considered one of the convenient recycling methods for post-consumer 
PET. This method has been received massive attention to overcome the PET wastes challenges 
in terms of feasibility, safety, and affordability. To this end, various mechanical recycling methods 
have been studied to improve the recycled PET (rPET) properties and close the loop based on 
the bottle-to-bottle (BtoB) approach. However, mechanical recycling using extruding method 
leads to a reduction in the rPET performance owing to the chain scission induced by thermal 
decomposition and hydrolysis. Therefore, the intrinsic viscosity (IV), mechanical properties, and 
thermal properties of rPET are reduced. The addition of a chain extender (CE) is one of the 
feasible methods to improve rPET properties and mitigate the challenges of mechanical recycling. 
In this study, PET flakes were modified by reactive extrusion method using an epoxy-functional 
group CE (EFCE) to maintain rPET properties according to the BtoB approach. Different 
concentrations of EFCE were added to PET flakes during extruding at 255 ± 5 oC, followed by 
pelletizing the modified rPET. The IV, chemistry (FTIR and NMR), barrier properties, and 
mechanical properties of rPET were investigated to identify the reaction mechanism. Accordingly, 
the oxirane ring of EFCE was reacted with the rPET terminal group via a ring-opening reaction, 
thereby improving the performance of rPET. Additionally, the addition of EFCE to the rPET during 
reactive extrusion led to an increase in the IV and rPET properties based on ubbelohde 
viscometer. Moreover, the EFCE as an FDA-approved compound for food contact had an 
acceptable migration, which might not pose health hazards to consumers. 
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Facile and versatile covalently adaptable Diels-Alder networks for adhesive applications 

Jonathan B. Gregg, Simon Fawcett, safawcett1@sheffield.ac.uk, James Wilson, Andrew T. 
Slark. Chemistry, The University of Sheffield, Sheffield, Sheffield, United Kingdom  

This work investigates the performance and reusability of polymer adhesives. New dynamic 
covalent polymer networks of bifunctional maleimide prepolymers and multifunctional furan 
crosslinkers based on polyester and polyurethane backbones were explored. 

Exposure to temperatures above the retro Diels-Alder reaction for 1 hour readily dissociates the 
network, which then reforms upon cooling to ambient temperature within 7 days, confirmed via 
FTIR spectroscopy. Reformation can be shortened to hours with moderate heating. Additionally, 
conversion is independent of backbone type such as change in crystallinity or functional group 
concentration. The networks displayed high bond strength in lap shear adhesion measurements, 
even after multiple reuses via heating and cooling cycles. Both the heating rate and concentration 
of maleimide/ furan functional groups dictated the temperature of retro Diels-Alder, visible by DSC 
analysis. 
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Efficient depolymerization of polystyrene with table salt and oxidized copper 

vikash kumar1,2, vikash.kumar@students.iiserpune.ac.in, Ajmir Khan2. (1) Chemistry, Michigan 
State University, East Lansing, Michigan, United States (2) School of Packaging, Michigan State 
University, East Lansing, Michigan, United States  

The global production of polystyrene (PS) has exceeded 15 million metric tons in 2019 because 
of its widespread use in packaging and non-packaging sectors. Therefore, the development of 
efficient and low-cost recycling strategies for PS are highly desirable. Herein, we present a PS 
depolymerization approach that can be performed in the presence of table salt and oxidized 
copper scrubber. The recovered styrene monomer was re-polymerized without further 
purification, and the thermal properties of the obtained PS were evaluated. This work has the 
potential to facilitate the chemical recycling of waste PS that is produced at a scale of 15 million 
tons/year using environmentally friendly catalysts and energy-efficient process; therefore, this 
study enables multiple green chemistry principles such as waste prevention, energy-efficient 
processes, and environmentally friendly catalysts. 

 

 
A unique PS depolymerization system that has increased the yield of styrene to ~83% by adding a few wt% 
of common salts or oxidized copper scrubber.  
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 [2+2]-photocycloadditions of coumarin derivatives as an effective tool for the reversible 
formation of covalent bonds – towards the design of renewable polymer materials 

Celine Calvino, celine.calvino@livmats.uni-freiburg.de, Moritz Streicher. LivMatS, Albert-
Ludwigs-Universitat Freiburg, Freiburg im Breisgau, Baden-Württemberg, Germany  

Stimuli-responsive materials have been recognized as one potential alternative to extend the 
material's life cycle, giving access to reprocessing and depolymerization of polymers. In this 
context, our work explores the incorporation of photoresponsive chemical motifs - that can from 
and break covalent bonds- into polymer backbones as a tool to trigger controlled and reversible 
polymerizations of responsive marcromonomers and thus provide new routes towards renewable 
materials (Figure 1A). To achieve effective photoprocess conversions, these so-called 
photoswitch motifs must feature efficient photoproperties including high reaction conversions, 
reaction rates, orthogonality and thermal stability; a combination of properties rarely featured by 
the photoswitches so far developed. Herein, we investigate the influence of the structural 
modifications of coumarin scaffolds on their photoproperties to achieve efficient photoprocesses. 
Accordingly, a series of coumarin derivatives carrying different heteroatoms (C, N, O, S, Se) and 
their respective dimers have been synthesized and characterized. The reaction rates, 
conversions as well as the orthogonality of the cycloaddition and cycloreversion were assessed 
and optimized through tuning of the reaction conditions (irradiation wavelength, time, 
concentration, irradiation energy). Amongst the different photoswitches, quinolinones (N-
substituted coumarins, Figure 1B) have shown a significant increase of the reaction rates (4x 
faster) as well as higher conversions (> 90 %) compared to standard coumarin motif. 
Furthermore, the higher extinction coefficient and the faster cycloreversion reaction rates of the 
quinolinone dimers lead to enhanced orthogonal photoprocesses showcasing 100% reversion. 
These improved photoproperties are expected to produce reponsive polymer materials with 
robust mechanical properties that can be reprocessed/recycled for multiple life cycles. 

 
Figure 1: A) Scheme of a reversible photoligation of macromonomers functionalized with photoswitchable 
chemical motifs. B) Reversible [2+2]-cycloaddition mechanism of quinolinones upon dissimilar 
irradiations  
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Tunable functionalization and upcycling of polyolefins to polyurethane films 

Ronard Herrera, ronardhm@gmail.com, Megan L. Robertson, Ramanan Krishnamoorti. 
Chemical and Biomolecular Engineering, University of Houston, Houston, Texas, United States  

By 2050 the accumulation of plastic waste is projected to reach 12,000 Mt globally, where 18% is 
recycled, 24% incinerated, and the rest (58%) either landfilled or enters the natural environment. 
The main contributor to this waste is polyolefins, which constitute roughly 45% of all plastic waste 
produced globally. In the US, 76% of all plastic waste is polyolefin and only 9% is being recycled. 
Momentum has shifted towards enabling a circular economy for polyolefin waste. One promising 
strategy is the tunable functionalization of polyolefins for upcycling, removing limitations of 
chemical inertness and improving the final physical properties of the upcycled material. 
Functionalized polyolefin waste can be repurposed in a wide variety of applications including 
polyurethanes, foams, coatings, films, among others. In this work, maleic anhydride grafted 
polypropylene was hydroxylated with ethanolamine and the resulting polymer was evaluated with 
Fourier transform infrared and nuclear magnetic spectroscopy. Subsequently, hydroxylated 
polypropylene was used as the polyol in polyurethane synthesis. The physical properties of the 
resulting polyurethane films were evaluated and benchmarked to conventional polyurethanes. 
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Upcycling mixed waste plastic into graphene using flash joule heating 

Kevin Wyss, kmw0048@auburn.edu, James M. Tour. Department of Chemistry, Rice University, 
Houston, Texas, United States  

Flash Joule heating is a recently discovered method to upcycle waste plastics into high value 
graphene. The process is highly energy efficient and solvent free, and can even process un-
washed mixed waste plastics, greatly simplifying the waste management process. The produced 
graphene is demonstrated to greatly improve the properties of synthetic polymers and 
polyurethane foams, as studied in conjunction with Ford Motor Company. These polymers that 
would have traditionally been land-filled, can readily be cyclically upcycled into graphene, 
underscoring the capabilities of flash Joule heating in polymer upcycling. A prospective life cycle 
assessment (LCA) comparing flash Joule heating to other graphene synthesis methods was also 
carried out, showing significant improvements in cumulative energy demand, green house gas 
emission, and water consumption. 
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Dynamic crosslinking of ethylene-based copolymers into thermoreversible covalent 
adaptable networks with elevated-temperature creep resistance via one-step melt-state 
processing 

Boran Chen1, boranchen2021@u.northwestern.edu, Logan Fenimore1, Mohammed Bin 
Rusayyis2, John M. Torkelson1,2. (1) Chemical and Biological Engineering, Northwestern 
University, Evanston, Illinois, United States (2) Materials Science and Engineering, Northwestern 
University, Evanston, Illinois, United States  

Permanent chemical cross-linking of polyolefins by reactive extrusion or related processing 
methods is practiced industrially at major scales, e.g., cross-linked polyethylene, also called PEX, 
XPE, or XLPE, is used in household pipework systems as well as pipes for transport of natural 
gas and insulation for electrical cables. Such thermosets can exhibit upcycling of properties 
relative to the thermoplastics from which they are made, such as improved high-temperature 
creep resistance. Unfortunately, thermosets with permanent cross-links cannot be mechanically 
recycled because these cross-links prevent melt flow. In this study, thermoplastic low-density 
polyethylene and ethylene-based copolymers have been upcycled into covalent adaptable 
networks (CANs) with dynamic covalent cross-links by melt-state, free-radical grafting of 
dialkylamino disulfide linkages. A simple, one-step, lab-scale, melt processing technique was 
used to transform the polymers and copolymers into reprocessable networks with the aid of a 
dynamic cross-linker with dialkylamino disulfide linkages and a peroxide initiator. The ethylene-
based CANs exhibit excellent reprocessability with full cross-link density recovery after multiple 
recycles. Importantly, relative to the thermoplastics from which they were made, the 
reprocessable ethylene-based networks demonstrate improved resistance to elevated-
temperature creep. The effect of thermoplastic ethylene-based polymer composition and 
architecture on the transformation to CANs and creep performance will be discussed. 
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Partially hydrogenated poly(cyclooctenamer): A model substrate for routes to chemically 
upcycling polyethylenes 

Anne N. Radzanowski, aradzanowski@umass.edu, E B. Coughlin. Polymer Science and 
Engineering, University of Massachusetts Amherst, Amherst, Massachusetts, United States  

Polyethylene is the most consumed polymer worldwide, unfortunately the recycling rate remains 
less than 10%. Chemical recycling of polyethylene is challenging due to a lack of reactivity, and 
mechanical recycling often leads to a degradation of properties and lower value materials as a 
result. Dehydrogenation of polyethylene introduces sites of reactivity for further functionalization. 
Alkene transformations can then be applied to provide alternate routes to polyethylene 
copolymers typically synthesized by a free radical copolymerization. This synthetic strategy of 
catalytic dehydrogenation followed by functionalization provides opportunities for the synthesis of 
novel polyethylene copolymers, not accessible by traditional processes. In this work, model 
compounds for partially unsaturated polyethylene were synthesized via the ring-opening 
metathesis polymerization of cis-cyclooctene to moderate molecular weight polycyclooctene 
(PCOE). An acyclic chain transfer agent was used to regulate molecular weight and act as a 
spectroscopic handle for analysis by nuclear magnetic resonance spectroscopy (NMR). Partial 
hydrogenation using a diimide reduction was performed to lower the percentage of residual 
unsaturation to the target range of 2-10 mol%. These model compounds allow for retention of 
solubility and polymer characterization ability. The partially hydrogenated PCOE was extensively 
characterized for resulting percent unsaturation using high-temperature NMR and Fourier 
transform infrared spectroscopy. Changes in melting point and crystallinity were monitored with 
differential scanning calorimetry. Efforts are currently underway for functionalizing the resulting 
polymers with lower levels of unsaturation through methods such as epoxidation, hydroboration, 
and hydroesterification. 
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Implementing click chemistry for the chemical upcycling of dehydrogenated polyethylene 

Roshni John Chethalen1, rchethalen@umass.edu, Eli Fastow2, Karen I. Winey2, E B. Coughlin1. 
(1) Department of Polymer Science & Engineering, University of Massachusetts Amherst, 
Amherst, Massachusetts, United States (2) Department of Materials Science & Engineering, 
University of Pennsylvania, Philadelphia, Pennsylvania, United States  

Polyolefins comprise the largest category of polymer waste, yet the limitations inherent to 
conventional mechanical recycling ensure that they largely end up in landfills or leaking into the 
environment. A new strategy for polymer-to-polymer chemical upcycling of polyolefins utilizes two 
steps, dehydrogenating to create C=C bonds then functionalizing those unsaturations. Reported 
here are the advances in the latter step by modification of polycyclooctene (PCOE), a model 
material synthesized by Ring-Opening Metathesis Polymerization (ROMP) of cis-cyclooctene. 
PCOE was functionalized with a range of polar pendant groups using thiolene click chemistry, a 
green chemo-selective approach under mild reaction conditions. The decrease in crystallinity (Xc) 
and glass transition temperature (Tg) of the functionalized PCOE compared to the original PCOE 
was confirmed using differential scanning calorimetry (DSC). An increase in the surface polarity 
of the functionalized PCOE was confirmed by contact angle measurements, and this was 
correlated to an increase in yield strength of lap joint shear measurements. This poster reports 
progress towards functionalizing a model dehydrogenated polyolefins with a range of chemistries 
to increase the surface polarity and corresponding adhesive properties. 
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Investigating the effect of metal-site substitutions on thermal stability and polyethylene 
terephthalate (PET) depolymerization activity on leaf-branch compost cutinase (LCC) 

Hriday-Dhar Joni1, Christopher Mandrell1, chrismandrell@siu.edu, Lakshika Dissanayake2, 
Sandipty Kayastha2, Thushari Jayasekera1, Poopalasingam Sivakumar1, Lahiru Jayakody2. (1) 
Physics, Southern Illinois University System, Carbondale, Illinois, United States (2) School of 
Biological Sciences, Southern Illinois University System, Carbondale, Illinois, United States  

Plastic is a synthetic polymer with high material properties, which has tremendous applications 
that facilitate modern life. Petroleum-derived Polyethylene terephthalate (PET) is the third most 
widely used synthetic polymer to produce textiles, fibers, film, single-use bottles, and packaging 
materials. Despite its numerous applications, plastic has become a threat to the environment and 
human health due to ineffective plastic waste management. The current mechanical recycling 
approaches of waste plastic do not achieve the full circling of the materials due to inferior 
properties of the recycled products. Plastic upcycling is depolymerizing PET into higher-value 
products. PET depolymerization catalyzed by microorganism enzymes is shown to be a 
promising route for plastic upcycling. While the search for novel enzymes continues, two 
important problems related to already discovered enzymes are of current interest, i.e. to increase 
the enzyme’s thermal stability and to explore ways to improve the crystalline PET degradation 
efficiency by structural modifications. Recent studies found that the PET degradation efficiency of 
Leafbranch Compost Cutinase (LCC) can be enhanced by active site mutations. Thermal stability 
of mutated LCC is achieved by adding disulfide bonds at the active site. In the present work, 
based on the results from Molecular Docking and Molecular Dynamics simulations and in vivo 
and in vitro experiments, we will present the effect of metal-site substitutions by divalent ions on 
the thermal stability and catalytic activity of already suggested engineered LCC configurations. 
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3D printing of elastomeric and high Tg plastics from biomass-derived photoresins 

Kyle Chin1, kcchin@wisc.edu, Jianxun Cui2, Robert M. O'Dea3, Thomas H. Epps3, AJ Boydston2. 
(1) Chemical and Biological Engineering, University of Wisconsin-Madison, Madison, Wisconsin, 
United States (2) Chemistry, University of Wisconsin-Madison, Madison, Wisconsin, United 
States (3) Chemical and Biomolecular Engineering, University of Delaware, Newark, Delaware, 
United States  

We report the vat 3D printing of several biomass-based photoresins. The photoresins were 
formulated with two model monomers whose feedstock can be efficiently obtained from lignin 
depolymerization: 4-propylguaiacol acrylate (4-PGA) and syringyl methacrylate (SMA). With only 
this small survey of lignin-derived monomers, we show a range of tunable materials properties. 
Notably, these materials were all printed without additional crosslinker, potentially illustrating the 
ability to vat photopolymerize thermoplastic materials. This offers avenues toward recycling of 
end use parts and applications in investment casting and molding of complex objects. 
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Transformation of PVC into thermoplastic elastomers 

Dj Mceachern, dfmceachern@crimson.ua.edu. Chemistry, The University of Alabama, 
Tuscaloosa, Alabama, United States  

Poly(vinyl chloride) (PVC) is among the most widely produced thermoplastics and is used in a 
wide range of applications. However, despite its widespread use, the post-consumer reuse or 
recycling of PVC is almost non-existent, and most post-consumer PVC is ultimately landfilled. 
The chemical structure of PVC lends itself for easy chemical modification and holds the potential 
to upcycle PVC into more valuable materials. This presentation will detail our efforts to modify 
waste PVC into a thermoplastic elastomer. We will also discuss our efforts to combat PVC 
dehydrochlorination, which is a common side reaction that occurs during chemical manipulations 
of PVC. 
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New sulfonation method for upgrading aromatic plastic waste to scaffolds for conducting 
polymers 

Chun-Yuan Lo1, cylo@udel.edu, Yuhang Wu2, Dan My Nguyen1, David Alejandro Angel Trujillo2, 
Robert L. Opila2, David C. Martin2, Laure V. Kayser2,1. (1) Chemistry & Biochemistry, University of 
Delaware, Newark, Delaware, United States (2) Materials Science and Engineering, University of 
Delaware, Newark, Delaware, United States  

The structure of aromatic hydrocarbons in a synthetic polymer is unique for a range of 
applications, including disposable plastic containers and other engineering thermoplastics. 
However, the challenges in the sulfonation of aromatic polymer process are caused by the 
thermal and chemical stability. To enhance the degree of sulfonation, past studies either used a 
high concentration of reagents or incorporated with catalyst. Such approaches still lead to many 
drawbacks, including incomplete sulfonation, the change in chemical structure, and lower isolated 
yield for the sulfonated polyaromatic substrate. Accordingly, we proposed a highly efficient 
strategy for the sulfonation of aromatic polymer on its innate reactive site of electrophilic 
substitution. Our approach uses a recyclable sulfonation reagent, based on sulfonated 
imidazolium salts, and mild reaction conditions to sulfonate a wide range of commercial aromatic 
polymers. Instead, using imidazolium salts, we achieved a higher degree of sulfonation (DS) and 
isolated yield to aromatic polymers. For example, the sulfonation of polystyrene (PS) led to a 95% 
degree of sulfonation and 70% isolated yield for model PS and result in a 92% degree of 
sulfonation and 74% isolated yield for waste PS. Both results indicated we not only achieved 
higher DS but also improved ~30% of the isolated yield. To prove the utility of our approach, the 
poly(styrene sulfonate) (PSS) obtained from sulfonating plastic waste were then used as 
scaffolds for a conducting polymer. We polymerized poly(3,4-ethylene dioxythiophene) (PEDOT) 
in the presence of PSS as a hole transport layer (HTL) for solar cell devices with a power 
conversion efficiency of 7%. This efficient approach to sulfonating aromatic polymers provides a 
pathway toward upgrading post-consumer plastic waste. 
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Synthesis and characterization of polyacetal/polyethylene terephthalate copolymers for 
improved degradation and chemical recycling of polyethylene terephthalate 

Sharan Raman, sraman@iastate.edu, Eric Cochran. Chemical & Biological Engineering, Iowa 
State University, Ames, Iowa, United States  

The prevalence of plastics in almost every facet of the average person’s life has not only 
simplified day-to-day tasks, but also expanded to include products from a variety of industries. 
With the ever-growing usage of commodity plastics such as polyethylene terephthalate (PET), the 
necessity to improve their end-of-life and recycling/reprocessing capabilities has become vital. 
One of the major hurdles in recycling of plastics is their rate and efficacy of depolymerization 
post-use. The same strengths of chemical and thermal resistance become a hindrance in the 
chemical recycling process. By integrating known, selectively degradable linkages pre-
polymerization, the thermal and mechanical properties of polymers such as PET can be retained 
while allowing for an avenue for accelerated degradation post-use. 

Acetals, ketals, and polyacetals are typically resistant to basic conditions and readily hydrolyze in 
acidic conditions. As such, the focus of this study is the integration of cyclic acetal-functionalized 
monomers into the backbone of PET chains to improve degradation capabilities under mild acidic 
hydrolysis conditions. The intent is to integrate a cyclic acetal linker into PET in the monomeric 
stage that yields minimal loss of optical, mechanical, and thermal properties post-polymerization. 
Quantification of the synthesis and incorporation of these acetal linkages through HNMR, DSC, 
and GPC as well as degradation studies allow for comparisons to both lab-made and commercial 
PET. Overall, the incorporation of cyclic acetal linkages through these monomers allows for 
improved chemical recycling or reprocessing capabilities, so further studies on its incorporation 
into the PET backbone and its overall degradability will be done to understand the efficacy of the 
acetal linkages. 
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Machine learning-assisted prediction of transport and thermodynamic properties of 
polyethylene-like materials 

MARIA LEY FLORES, mleyf@uchicago.edu, Riccardo Alessandri, Chuting Deng, Juan J. De 
Pablo. Pritzker School of Molecular Engineering, University of Chicago, Chicago, Illinois, United 
States  

To better understand and design plastic upcycling technologies, the development of toolkits to 
accurately determine transport and thermodynamic properties using only molecular structure and 
composition is essential. In this context, polyethylene constitutes the major fraction of global 
plastic waste and an excellent model material for the development of structure-composition-
property relationships. In this work, we consider the two upcycling solutions: a) hydrocracking of 
polyolefins for chemical recycling and b) the design of circular polyethylene-like materials with 
built-in cleavable chemical linkages. For both applications, available databases for targeted 
properties are lacking, and quantitative property relationships are unknown. We integrate high-
throughput molecular simulations and machine learning techniques into an automated pipeline 
that allow us to explore the parameter space of polyethylene-like structures and their blends to 
probe transport and thermodynamic properties in a consistent manner. The resulting data set 
enables the development of accurate predictive models for polyethylene-like materials as 
illustrated in the figure. Our results show how this workflow can be used to accelerate the design 
of sustainable solutions for plastic innovation. 

 

 
Examples of polyethylene-like systems studied in this work: polymer blends with different molecular 
weight (left) and polymer mixtures varying also molecular structure (right). 
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Dynamic capsules bearing thermo-responsive shells based on hindered polyurea 
chemistry 

Yifei Wang1, yifei.wang-msen@tamu.edu, Peiran Wei2, Qing Zhou1, Ciera E. Cipriani1, Miao Qi1, 
Svetlana A. Sukhishvili1, Emily Pentzer1,3. (1) Materials Science & Engineering, Texas A&M 
University, College Station, Texas, United States (2) Soft Matter Facility, Texas A&M University, 
College Station, Texas, United States (3) Chemistry, Texas A&M University, College Station, 
Texas, United States  

This presentation will focus on the fabrication of temperature-responsive capsules by introducing 
the intriguing hindered polyurea functional groups into the backbone of polymer capsule shells, 
templated by a water-free Pickering emulsion stabilized by alkylated graphene oxide (GO) 
nanosheets and interfacial polymerization. With the dynamicity of polymer shells, capsules can 
either fuse into monolith or destruct back to emulsion droplets under mild heating. We explored 
the impact of monomer identity on the formation of capsule shells and further confirmed that the 
responsive temperature of capsule shells can be controlled by the hindrance of the secondary 
diamine monomer. In addition, by varying the dispersed phase from oil to a mixture of oil and 
ionic liquid, we found that the core material inside the capsule also dictates the temperature-
responsive feature of the dynamic shells. Optical microscopy and scanning electron microscopy 
were used to evaluate the morphology of capsules, monolith, and emulsion droplets. FTIR 
spectroscopy, TGA, and NMR were used to gain structural information of individual capsules. 
Moreover, variable temperature FTIR was employed to prove the dynamicity was controlled by 
the amine hindrance. Compression test was used to confirm the bond exchange result and 
identify macroscopic properties of the resultant monolith. This tailored chemistry provides a route 
for preparing capsules bearing thermo-responsive polymer shells through a soft-template 
approach. The system can be generalized to various emulsion systems, chemical reagents, and 
plenty of tailored structures, which showed great potential in energy storage, molecular 
separation, controlled release, and so on. 
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Membrane manipulation of giant unilamellar polymer vesicles with a temperature-
responsive polymer 

Marina de Souza Melchiors1, melchiorsm@mpip-mainz.mpg.de, Tsvetomir Ivanov1, Claudia 
Sayer2, Pedro H. Araújo2, Lucas C. da Silva1, Calum T. Ferguson1, Katharina Landfester1. (1) 
Max-Planck-Institut fur Polymerforschung, Mainz, Rheinland-Pfalz, Germany (2) Chemical 
Engineering (PPGENQ), Universidade Federal de Santa Catarina, Florianópolis, Santa Catarina, 
Brazil  

Giant unilamellar polymer vesicles (GUVs) are cell-sized vesicles (10-100 μm) made of 
amphiphilic copolymers. Because of their similarity to the cell membrane, polymeric GUVs are 
used as biomimetic compartments for biophysical studies and to create cell-like systems. Due to 
the large size, membrane manipulation events such as the increase in membrane area, changes 
in morphology, and division can be easily observed using optical microscopy. Aside from 
applications in the development of advanced cell-like systems, the study of membrane 
manipulation in polymeric GUVs can also help researchers gain a better understanding of the 
driving forces that lead to membrane manipulation in natural cells. However, membrane 
manipulation of polymeric GUVs remains a challenge. This is because the division and shape 
control of polymer vesicles are difficult to achieve due to the robust nature of polymer 
membranes. In this contribution, we describe the membrane manipulation of polybutadiene-
poly(ethylene oxide) GUVs driven by an embedded temperature-responsive diblock copolymer. 
The diblock copolymer, poly(N,N-dimethylacrylamide)-block-poly(N-isopropylacrylamide) (PDMA-
b-PNIPAM), was incorporated into the membrane of the GUVs. Initially, the system was formed at 
room temperature, below the lower critical solution temperature of NIPAM, resulting in a 
hydrophilic diblock polymer embedded in the polymeric GUV. When the temperature is increased, 
the NIPAM block is no longer fully solvated and self-organizes to form undefined polymeric 
structures that disturb the vesicle membrane causing significant mechanical fluctuations. The 
relaxation of the membrane by heating and cooling cycles led to a number of effects, such as a 
dramatic increase in membrane area and occasional vesicle splitting. Our results demonstrate 
that the presence of a thermoresponsive block copolymer in an otherwise inert vesicle membrane 
can induce an adaptive behavior. The strategy and materials described in this contribution can be 
explored in the design of adaptive cell-like systems, such as microreactors, biosensors, and drug 
delivery vehicles. 

 
Membrane manipulation in polymersomes by temperature-responsive block copolymers  
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Self-reporting supramolecular cross-linker for dynamic polymer materials 

Derek J. Kiebala, derek.kiebala@unifr.ch, Stephen Schrettl, Christoph Weder. Universite de 
Fribourg Adolphe Merkle Institute, Fribourg, Fribourg, Switzerland  

Supramolecular linkages are a useful tool for endowing polymer materials with a range of 
functionalities due to the dynamic nature of non-covalent interactions. A well-known example is 
the self-complementary ureido-4-pyrimidinone (UPy) quadruple hydrogen-bonding motif, which 
has been used to make supramolecular polymers, self-healing materials, and reversible 
adhesives. However, direct monitoring of the formation and cleavage of UPy linkages during 
processing, under load, or during supramolecular polymerization is difficult. To address this 
challenge, we designed a new UPy-bispyrene (UPB) motif (Fig. 1a). Our spectroscopic 
investigations in solution demonstrate that UPB pyrene excimers form exclusively via 
intermolecular association, thus permitting a direct assessment of the extent of UPB association 
from the monomer and excimer emission intensities. We show that the hydrogen-bonding 
interactions between polymers featuring this motif can be straightforwardly monitored in response 
to changes in pH, temperature, and processing conditions. Importantly, we find that the emission 
color of films made from UPB-linked polymers correlates directly with the extent of hydrogen 
bonding (Fig. 1b), thus facilitating the determination of key factors that affect UPy dimerization. 
Moreover, mechanical deformation of such polymers leads to a reversible dissociation of the non-
covalent cross-links, giving rise to a stress-dependent mechanochromic response as shown by 
in-situ fluorescence measurements (Fig. 1c). The results presented herein demonstrate the utility 
of UPB as both a multiresponsive cross-linker and as a highly useful tool to monitor the 
association of a widely employed supramolecular motif 

 
Figure 1. a) Energy-minimized model and features of a UPy-bispyrene (UPB) supramolecular dimer. b) 
Images of UV-illuminated poly(methyl acrylate)s (PMAs) with the indicated amount of UPB-methyl 
acrylate (UPBMA) co-monomer. c) Stress-strain curve (black line) of PMA co-polymerized with UPBMA 
(1 wt%) and the ratio of pyrene monomer-to-excimer fluorescence recorded during mechanical testing 
(purple dots). The data show that the emission color correlates with the applied stress.  
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Complexation enthalpy and salt resistivity of polyelectrolyte complexes 

Zachary Digby, zad18b@my.fsu.edu. Chemistry and Biochemistry, Florida State University, 
Tallahassee, Florida, United States  

Polyelectrolyte complexation, formation of hydrated complexes or coacervates (PECs) between 
polycations and polyanions, is a primarily entropically driven process. Charge pair interactions 
between oppositely-charged polyelectrolytes within PECs are weakened with the addition of salt 
MA. With sufficient concentrations of MA, the PEC may dissociate back into a single-phase 
system by breaking the interactions between polyelectrolytes. This critical salt concentration 
(CSC), or “salt resistance,” has been extensively used to compare the stability and strength of 
association in PECs. However, the CSC is not always observed, and it shows a strong 
dependence on the type of ions comprising MA. MA ions within the PEC phase can either be 
charge pair breaking (counter-ions) or non-interacting (co-ions). Here, it is shown how the 
enthalpy of complexation modulates the role of MA ions within the PEC, revealed by calorimetric 
measurements and salt resistance studies. 
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Towards controlled synthesis of mechanically interlocked polymers 

Yunyan Qiu, yunyan.qiu@northwestern.edu, James F. Stoddart. Chemistry, Northwestern 
University, Evanston, Illinois, United States  

The rise and promise of artificial molecular machines allow chemists to explore control and 
functions in a nanoscale world. This presentation will discuss recent advances in the design and 
precision synthesis of enthalpically and entropically demanding polyrotaxanes bearing densely 
charged units courtesy of radical chemistry. I aim to develop a chemically and electrochemically 
redox-driven polyrotaxane synthesizer in order to control the exact number of rings installed onto 
a polymeric chain. I have designed and synthesized polymers with two molecular pumps attached 
at both ends of a polymeric chain, which acts as a collecting chain for multiple cationic rings. I 
have demonstrated that polyrotaxanes with a controlled number of rings can be produced through 
repetitive redox cycles using chemical reagents or a supply of electricity without generating and 
accumulating waste products. Recent progress on developing an automated polyrotaxane 
synthesizer and the expansion of the polymer scope will also be discussed, demonstrating great 
promises of applying artificial molecular machines in polymer chemistry and materials science. 
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Microwave-enhanced catalytic upcycling of polymer 

Yuxin Wang, yuxin.wang1@mail.wvu.edu, Jianli Hu, Changle Jiang. West Virginia University, 
Morgantown, West Virginia, United States  

Chemical upcycling of polymer represents an attractive approach of using polymeric waste as 
feedstock in promoting the circular economy and decarbonizing chemical industry. Here we report 
a one-step microwave catalysis approach for the deconstruction of plastic polymers into value-
added ethylene and BTX aromatics. 

Currently, the majority of plastic films end up in landfills or the environment, harming the 
ecosystem and affecting the natural environment. Thermochemical pathways and high pressure 
hydrogenolysis enable depolymerization films to produce small molecules that could be used as 
fuel or integrated into chemical refineries. However, these thermochemical processes suffer from 
severe challenges, such as inevitably higher energy input and GHG emission; poor product 
selectivity; low value of products. 

Microwave catalytic process is a promising process for polymer upcycling with the advantages of 
lower reaction temperature, higher selectivity, and simple one-step process. Using LDPE film as 
feedstock, BTX yield reached 40% and the residue yield was only 4.4% by microwave catalytic 
process at 300 C. In contrast, under thermal heating, the BTX yield was only 2% and the main 
products consisted of C3 and C4 hydrocarbons with the residue yield being 11.6%. The higher 
BTX yields under microwave indicated the presence of high concentration of ethylene 
intermediates, while the formation of C2 intermediates under thermal heating was difficult at such 
a low temperature. The process is tunable when changing catalyst to SiC where 48% ethylene is 
obtained (Fig b). The catalyst exhibits two functions under microwave, catalysis function and the 
function of converting microwave into thermal heat energy (Figure c). The heat is initially 
generated on the catalyst particles, which have good dielectric loss under microwave irradiation. 
In contrast, polymer remains cold because it is transparent to microwave (Figure d). The 
hypothesis is that the “hot spots” presented at catalyst-polymer interface facilitate the β−scission 
to form C2 olefinic intermediates in cracking LDPE. Further catalytic reaction will depend on the 
catalytic properties of catalyst. 
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Nano-ZrO2 localized within a mesoporous architecture catalyzes selective hydrogenolysis 
of polyethylene 

Akalanka Tennakoon1, akalanka@iastate.edu, Shaojiang Chen2, Kyung-Eun You3, Alexander 
Paterson3, Ryan Yappert4, Fenghua Ding5, Xun Wu1,2, Ryan Hackler6, Massimiliano Delferro6, 
Tao Li6, Frédéric Perras2, Andreas Heyden3, Aaron D. Sadow1,2, Wenyu Huang1,2. (1) Chemistry, 
Iowa State University, Ames, Iowa, United States (2) Ames Laboratory, Ames, Iowa, United 
States (3) University of South Carolina College of Arts and Sciences, Columbia, South Carolina, 
United States (4) University of Illinois Urbana-Champaign, Urbana, Illinois, United States (5) 
Northwestern University, Evanston, Illinois, United States (6) Argonne National Laboratory, 
Lemont, Illinois, United States  

Plastics are omnipresent materials of the modern economy, combining unparalleled applicational 
use with low cost. While integral to the economy, these polymeric materials have significant 
economic and environmental drawbacks as they lack sustainable end-of-life solutions. With global 
plastic production reaching over 400 million metric tons per year, efficient ways to deal with this 
waste are required. Catalytic hydrogenolysis is a promising way to chemically recycle waste 
polyethylene into a range of diesel to lubricant region products. With the merits of low cost and 
robust durability, metal oxides have been integral in the revolution of the petroleum, chemical, 
and environmental industries. Herein, we report the design and synthesis of a state-of-the-art 
catalytic material in which the catalytic ZrO2 nanoparticles are placed in between two planar 
mesoporous shells. The resulting catalyst is highly active towards the hydrogenolysis of 
polyethylene. Activity in C–C bond cleavage and selectivity of products were compared to other 
ZrO2-based materials and Pt nanoparticles to showcase the benefits of the design. Furthermore, 
plausible C–C bond cleavage routes catalyzed by ZrO2 were probed using computational and 
spectroscopical methods. 

 
  



531 
 

 
Federally Funded Research for Polymer Circularit 

Poster 

Evolution of chain structure in the glycolysis of poly(ethylene terephthalate) 

Shelby Watson-Sanders, swatso45@vols.utk.edu, Joshua Moncada, Mark D. Dadmun. 
Chemistry, The University of Tennessee Knoxville College of Arts and Sciences, Knoxville, 
Tennessee, United States  

Only 9% of the world’s plastic generated every year is recycled, and thus there is a need to 
develop new processes for end-of-life plastics. One possibility is the chemical recycling of a 
polymer chain, such as the depolymerization of polyethylene terephthalate (PET), one of the most 
widely used commercial plastics, via glycolysis. In order to broaden the available products from 
the depolymerization process, we are interested in understanding the evolution of chain structure 
during chemical recycling. This study therefore aims to determine the evolution of chain structure 
in the depolymerization of PET in a heterogeneous reaction as a function of catalysts and 
reaction temperatures. PET, sourced from Coke bottles, is depolymerized by glycolysis catalyzed 
with the salt of Triazabicyclodecene (TBD) and methanesulfonic acid (MSA) (1:1) or Zinc Acetate 
(ZnAc) in heterogenous reactions with ethylene glycol (EG). PET was depolymerized with 
TBD:MSA at 180 C, and with ZnAc at 165 C, 175 C and 185 C. Products of each 
depolymerization reaction were taken at predetermined intervals to monitor the evolution of chain 
structure. The chain size as a function of reaction time was determined by NMR (Mn) and intrinsic 
viscosity (Mv), offering a measure of chain length and dispersity of the chain length (i.e. Mv/Mn) 
with reaction time. 

The depolymerization process entails reaction of the EG and insoluble PET, where progress of 
the reaction forms smaller PET chains that become soluble in EG. This analysis follows the 
decrease in chain length, and solubility of PET in ethylene glycol. Comparison of the two catalysts 
shows that the ZnAc forms EG soluble oligomers more quickly than the TBD:MSA. Initial results 
show that the decrease in chain length occurs more quickly in the ZnAc catalyzed reaction than 
the TBD:MSA, where increasing temperature increases the rate of depolymerization. Correlation 
of reaction rate to change in solubility is underway. Monitoring the dispersity of the PET in the 
reaction vessel shows that the polymer chain size distribution becomes narrower with 
depolymerization. These results will therefore provide insight into available products from the 
depolymerization reaction over the course of the reaction. 
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Solar light enhanced recycling of thermoset polymers 

Kavon Mojtabai1, Samantha Lindholm1, Brandon McReynolds2, KIm Gaeun1, Madeline Finale1, 
Youngmin Lee1, John McCoy2, Sanchari Chowdhury1, sanchari.chowdhury@nmt.edu. (1) 
Chemical Engineering, New Mexico Institute of Mining and Technology, Socorro, New Mexico, 
United States (2) Materials Engineering, New Mexico Institute of Mining and Technology, 
Socorro, New Mexico, United States  

Thermosetting polymers such as epoxies exhibit excellent mechanical properties and have wide 
applications ranging from adhesives to structural materials. However, recycling of epoxy is 
difficult because of their irreversible cross-linked network structure. We have developed a 
reversible epoxy which can be recycled using visible light. We employed Diels-Alder chemistry 
based on furan/maleimide reactions to develop epoxy with reversible cross-linking. At higher 
temperatures (above~ 120°C), the Diels-Alder reaction reverses, resulting in depolymerization of 
the epoxy and can polymerize again as it cools down. Most importantly, we incorporated 
photothermal refractory plasmonic titanium nitride (TiN) nanoparticles in the reversible epoxy. 
These nanoparticles can efficiently and rapidly convert solar light to nanoscale heat to initiate the 
retro Diels-Alder reaction. Interestingly, we could use four times of solar intensity to increase the 
temperature of epoxy/nanoparticles composite to above 1200C within 1 minute time frame and 
efficiently depolymerize epoxy showing flow like behavior. The polymer composite can cool down 
to room tempeature and resolidify within one minute of turning off light. However, increasing the 
temperature further (~above 1500C), the effect of side reactions such as homo-polymerization of 
maleimide becomes pronounced that causes loss of reversibility of epoxy. We are performing a 
detailed studies of the side reactions and comparing their kinetics with Diels-Alders reactions to 
develop a reversible epoxy which can be recycled multiple times without compromising any of its 
desirable mechanical properties. 

 
Figure 1(a) Schematic of photothermal refractory plasmonic nanoparticles/reversible thermosetting 
polymer composite exposed to light (b) Example of thermoset polymer/nanoparticles composites melting 
within 1 minutes using sunlight.  
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Understanding dehyrochlorination of PVC for tailoring depolymerization products 

Ali Alshaikh1, aalshaikh@crimson.ua.edu, Mousumi Rani Bepari1, Dj Mceachern2, Paul Rupar2, 
Jason E. Bara1. (1) Chemical & Biological Engineering, The University of Alabama, Tuscaloosa, 
Alabama, United States (2) Chemistry & Biochemistry, The University of Alabama, Tuscaloosa, 
Alabama, United States  

PVC is the 3rd-most widely produced synthetic polymer worldwide, following only PE and PP. 
PVC is used in a wide variety of disposable products such as food packaging, beverage bottles, 
and textiles as well as in long-life products such as pipes, window frames, cable insulation, and 
roofing materials. Use of long-life PVC products averages 30 years, with some in service for 50+ 
years. However, this also means that major issues with PVC are imminent as more long-life PVC 
products are entering the waste streams, with significant increases expected in the near future. 
Industrial PVC waste is relatively pure as it originates from PVC production facilities or scraps 
from construction sites, and as it is of known origin and uniform composition, it is more easily 
recycled by mechanical processes, although chemical recycling processes are also viable. In 
contrast, consumer PVC waste is of mixed/highly variable composition and unknown origin, and 
thus unfavorable for mechanical recycling. The challenges relating to PVC waste also extend to 
other chlorinated polymers with similar structures – CPVC, PVDC, and CPE. Although these 
materials are not produced in volumes comparable to PVC, they are important to address given 
that they are often present alongside PVC, and have similar propensities to release HCl and toxic 
organic substances to the environment. 

However, it is this reactivity of PVC and simialr polymers that can be controlled to unlock the 
hydrocarbon resources stored within the polymer chains, with the potential to modify and/or 
depolymerize PVC into a range of useful and tailored polymer and small molecule products. This 
presentation will details our studies on the dehydrochlorination of PVC (and subsequent 
hydrogenation-dehydrochlorinatin cycles) using in situ ATR-FTIR spectroscopy to analyze 
reaction products and the influence of solvent, temperature, and reagents on the products 
formed. 
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Expanding the library of [2.2]paracylophane-1,9-dienes for ROMP 

Arielle Mann, asm829@nyu.edu, Marcus Weck. Chemistry, New York University, New York, 
New York, United States  

[2.2]Paracyclophane-1,9-diene (pCpd) is an important class of monomer as it can afford 
poly(phenylenevinylene)s (PPV) via a controlled living polymerization method. pCpd was first 
reported by Cram and coworkers in 1958 and was shown in 1992 to undergo ring-opening 
metathesis polymerization (ROMP) with limited solubility by Thorn-Csányi et al. using tungsten 
catalysts. In the past two decades, Michael L. Turner’s group reported a more facile synthesis to 
pCpd and described the living ROMP using ruthenium-based catalysts. Due to the harsh reaction 
conditions still required to synthesize pCpds, di- or tetra- para- alkyl or alkoxy groups are the only 
substitution and side-chains successfully reported to date. This presentation will close this gap 
twofold: first introducing structurally diverse pCpds that are not just para-substituted and second 
developing a methodology to append functional side-chains to pCpds. With our recent advances, 
ROMP with diversely substituted functional pCpds has the potential to afford Pi-conjugated 
polymers with interesting microstructures for a wide variety of applications including as 
photoresponsive optoelectronic materials. 
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Novel approach to improved cellulose/polymer composites via surface-modified cellulose 
fibers – ‘cellu-mers’ 

Dariya Getya, d_getya@ukr.net, Ivan I. Gitsov. Chemistry, SUNY College of Environmental 
Science and Forestry, Syracuse, New York, United States  

Over the past years, cellulose is being more and more extensively used in the manufacture of 
polymer composite material. It is proved that the use of cellulose nanocrystals (CNCs) or 
nanofibers (CNFs) as a nanofiller in the polymer matrix leads to the formation of a composite 
material with improved mechanical and thermal properties. However, the hydrophilic character of 
the surface of cellulose fibers imposes a significant limiting factor for their use in a hydrophobic 
polymer media. Direct incorporation of CNCs or CNFs into the polymer matrix leads to the 
formation of agglomerates during the dispersion process. This has some negative effects on the 
mechanical properties of resulting nanocomposites. 

Here we present a novel alternative approach to cellulose-based composites with homogeneous 
dispersion of cellulose fibers in the polymer matrix. Chemical modification of cellulose fibers 
(Williamson ether synthesis) was conducted to attach polymerizable styrene moieties. 
Synthesized novel multifunctional reactive ‘cellu-mers’ are then mixed with styrene, polymerized 
in bulk, and under classical conditions (AIBN, 65°C) semi-interpenetrating networks are formed in 
high yields. The scanning electron microscopy analyses of the networks show the homogeneous 
distribution of cellulose in the polymer matrix. This leads to improved thermal and mechanical 
properties of the resulting poly(styrene) composites compared to the physical mixtures of the 
same components and linear poly(styrene). The same approach is used to modify commercially 
available cellulose nanofibrils (CNFs) of various sizes: Sigmacell and Technocell™ 40, 90, and 
150. 

 
Multifunctional cellulosic macromonomers serve as reactive composite modules  
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PET bottle derived UiO-66 (Zr) as an electrode for supercapacitor application 

Prashant Dubey, pdubey9211@gmail.com, SHASHANK SUNDRIYAL, PRIYANKA H. 
MAHESHWARI. ADVANCED CARBON PRODUCTS AND METROLOGY, National Physical 
Laboratory CSIR, New Delhi, Delhi, India  

PET stands for polyethylene terephthalate, a strong, stiff synthetic molecule that belongs to the 
polyester family of polymers. Despite its many advantages, it has a number of disadvantages. 
Because it is widely employed in the production of a wide range of items (e.g., beverage bottles), 
large-scale recycling has become a serious environmental problem. Herein, we developed UiO-
66 (Zr based MOF) by linking Zr metal salts into the linker terephthalic acid (TPA) which was 
extracted from the PET bottle waste. Briefly, at first, we extracted TPA linker from waste PET 
bottles via alkaline hydrolysis then UiO-66 was developed via simple hydrothermal technique 
using TPA and zirconium salt. The as obtained UiO-66 was further confirmed via XRD and 
Raman, FTIR spectra and FESEM images. The as-obtained UiO-66 was employed as an 
electrode material and electrochemically tested in 1M H2SO4 in three-electrode configuration. 
UiO-66 material rendered decent specific capacitance of 70.5 F/g at current density of 0.5 A/g 
with long cycle life of 85.5% of initial capacitance retention over 5000 charge-discharge cycles. 
Our research proves that UIO-66 derived from plastic waste has therefore been proven to be a 
viable electrode material which hold tremendous promise for practical supercapacitor 
applications. 
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Ring-opening polymerization of natural sesamol based oxide and synthesis of mussel-
inspired polymer 

Mouheddin T. Alhaffar1, mouheddin@gmail.com, Shaikh A. Ali1,2, M. Naseem Akhtar3. (1) King 
Fahd University of Petroleum and Minerals Chemistry Department, Dhahran, Eastern, Saudi 
Arabia (2) Interdisciplinary Research Center for Advanced Materials, King Fahd University of 
Petroleum & Minerals, Dhahran, Saudi Arabia (3) Interdisciplinary Research Center in Refining 
and Advanced Chemicals, King Fahd University of Petroleum & Minerals, Dhahran, Saudi Arabia  

Our target in this work is to synthesize a polymer bearing a mussel-inspired Dopa-based catechol 
moiety. Naturally sesamol [3,4-(methylenedioxy)phenol] I has an electron-rich 1,3,4-triphenoxy 
motifs and based on our knowledge, the ring-opening reaction of epoxide built upon the 
triphenoxy motifs of hydroxyhydroquinone has not been studied. Sesamol I upon O-alkylation 
using epibromohydrin II has been converted to its epoxy monomer III. This monomer III 
underwent ring-opening polymerization using basic Bu4NOH and Bu4NF as well as by Lewis acid 
initiator/catalyst MePh3PBr/iBu3Al led to polyether IV. Monomer III and allyl glycidyl ether V have 
been randomly copolymerized to obtain copolymer VI, The pendant allyl groups in VI have been 
mutated via a thiol–ene reaction using cysteamine hydrochloride to give cationic (^^^NH3+) VII. To 
deprotection, the methylenedioxy (AOCH2OA) motifs in VII and get Dopa-based catechol moiety, 
the strategy is activated the methylenedioxy (AOCH2OA) motifs in VI by its conversion to labile 
acetoxymethylenedioxy [AOCH(OAc)OA] unit to obtain VIII. Then the pendant allyl groups in VIII 
upon elaboration via thiol-ene reaction using cysteamine hydrochloride and subsequent 
hydrolysis of [AOCH(OAc)OA] under a mild condition led to a mussel-inspired cationic copolymer 
IX having catechol motifs-embedded pendants of 3,4-dihydroxyphenoxy groups. 
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Multi-stimuli responsive hydrogels derived from hyaluronic acid for cancer therapy 
application 

Kwon T. Lim, ktlim@pknu.ac.kr, Yi-jun Jo. Pukyong National University, Busan, Busan, Korea 
(the Republic of)  

One of the most promising strategies for the controlled release of therapeutic molecules is stimuli-
responsive and biodegradable hydrogels developed from natural polymers. However, current 
strategies to development stimuli-responsive hydrogels lack precise control over drug release 
profile and use cytotoxic materials during preparation. To address these issues, multi-stimuli 
responsive hydrogels derived from hyaluronic acid were developed for the controlled release of 
doxorubicin (DOX). Hydrogels were rapidly formed via an inverse electron demand Diels-Alder 
click chemistry. The formulated hydrogels demonstrated high swelling ratios, good mechanical 
strength, and remarkable DOX loading capacities (up to 92%). The hydrogels showed a rapid and 
sustained release of DOX in both reducing and oxidizing environments. In a parallel experiment, 
indocyanine green (ICG) was encapsulated into hydrogels along with DOX. The DOX-ICG-loaded 
hydrogels showed a sustained release after near infrared (NIR) light exposure. The cytotoxicity 
tests showed that the formulated hydrogels were highly biocompatible (> 90% cell viability). The 
in vitro experiments demonstrated that DOX-loaded hydrogels induced similar anti-tumor effect as 
compared to that of the free-DOX. Furthermore, DOX+ICG loaded hydrogels increased the 
efficacy of DOX after NIR treatment owing to the combine anti-tumor and photothermal effect. 

 
Schematic illustration for the synthesis of multi-responsive hyaluronic acid derived hydrogels and 
mechanism of cleavage of diselenide bonds under various triggers and drug release 
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Y-shaped inimer for the synthesis of mixed polymer brushes 

Ri Chen, rchen239@wisc.edu, Julia Smith, Padma Gopalan. Materials Science and Engineering, 
University of Wisconsin-Madison, Madison, Wisconsin, United States  

We report the synthesis and design of a Y-shaped inimer (polymerizable initiator) that contains 
two different initiators attached at a single junction point. The Y-inimer contains an initiator for 
atom transfer radical polymerization (ATRP) and an initiator for nitroxide-mediated polymerization 
(NMP) along with a polymerizable methacrylate group. While Y-shaped initiators have been 
reported in the literature, a polymerizable version has not been demonstrated. Synthesis of the Y-
shaped inimer is based on a one-pot multi-component reaction of a benign formamide monomer. 
We further demonstrate the versatility of this inimer by homopolymerization and copolymerization 
with crosslinkable monomers. The synthesis of bottlebrush copolymers with precise 1:1 ratio of A 
and B chains is demonstrated. Crosslinkable versions of the inimer copolymer were synthesized 
and coated on to a silicon substrate for growth of A/B mixed polymer brushes with high grafting 
density and uniform grafting ratios. Bottlebrush copolymers that contain two different side chains 
(A and B) exhibit a wide range of morphologies based on their compositions. They can be 
synthesized by copolymerization of different macromonomers (grafting-through) or by grafting 
different polymer chains onto the backbone by post-functionalization methods (grafting-to). 
However, attaining perfect 1:1 ratio between the A and B side chains remains a challenge since 
existing methods incorporate A and B polymer chains in separate processes that have different 
efficiencies. The Y-inimer has the potential to create both bottlebrush copolymers and mixed 
polymer brushes with increased grafting density due to multiple initiating sites on a single 
repeating unit. Both systems have great potential for self-assembly due to extraordinary high 
grafting density leading to an unexplored region of morphology. 
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Redox-active radical polymers for battery technology 

Sheila Keating1, sheila.keating8@gmail.com, Stuart J. Rowan2. (1) Department of Chemistry, 
University of Chicago Division of the Physical Sciences, Chicago, Illinois, United States (2) 
Pritzker School of Molecular Engineering, University of Chicago Division of the Physical 
Sciences, Chicago, Illinois, United States  

Changing energy landscapes require innovation in energy storage. Lithium batteries were a 
paradigm shift in the 20th century, but the future of the field lies in rising beyond this benchmark. 
Designing an all-polymeric battery challenges the conventional metal-based design, eliminating 
reliance on world lithium stores. However, there are a number of challenges that need to be met 
in order to access reliable and robust all-organic batteries. We are exploring a methodical 
approach to designing and characterizing redox-active polymers for battery electrodes by tuning 
the electronic and steric characteristics of redox-active component and exploring how the nature 
of the polymer can be used to impacts their electrochemical activity. A goal of this work is to 
further our understanding about the complex relationship between polymer structure/morphology 
and redox behavior of radical containing polymers. 

 
Redox-active polymers as electrodes in battery configuration.  
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Identifying optimal synthesis protocols via the in silico characterization of (a)symmetric 
block and gradient copolymers with linear and branched chains 

Robert Conka1,2, robert.conka@ugent.be, Yoshi W. Marien2, Ondrej Sedlacek1, Paul H. Van 
Steenberge2, Richard Hoogenboom1, Dagmar R. D'hooge2,3. (1) Supramolecular Chemistry, 
Universiteit Gent Faculteit Wetenschappen, Gent, Belgium (2) Laboratory for Chemical 
Technology, Universiteit Gent Faculteit Ingenieurswetenschappen en Architectuur, Gent, Oost-
Vlaanderen, Belgium (3) Centre for Textile Science and Engineering, Universiteit Gent Faculteit 
Ingenieurswetenschappen en Architectuur, Gent, Oost-Vlaanderen, Belgium  

Copolymers consisting of hydrophilic and hydrophobic monomer units with well-designed 
compositional distributions like block, gradient or block-gradient structures are important in e.g. 
drug/gene delivery and (bio)compatibilization. Monomer sequences of individual chains can be 
visualized with a matrix-based kinetic Monte Carlo (kMC) modeling tool which uses kinetic 
parameters tuned based on average experimental data.1-3 The average structural or 
compositional deviation (<SD>) of a synthesized copolymer from a theoretical copolymer 
molecule with a pre-designed targeted compositional distribution can thus be quantified. In this 
work,1 kMC simulations are used to characterize copolymer sequences of copolymers prepared 
by living cationic ring-opening polymerization (CROP) of 2-methyl-2-oxazoline (MeOx) and 2-
phenyl-2-oxazoline (PhOx). The copolymer species are divided into populations of non-side 
reacted target chains, and linear and branched side products. Linear side products show a higher 
<SD> when compared to branched side products. Di-block copolymers most closely resemble the 
ideal structures, benefiting from a semi-batch procedure that reduces the total contribution of 
chain transfer to monomer side reactions resulting in a smoother transition of linear side-products 
into the structurally lower deviated branched side-products. 

 
Fig. 1 Unified approach to quantify symmetric and asymmetric 
gradient and block copolymer synthesis involving branch formation at 
a given (overall) monomer conversion (here 0.98).1  
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Identification of microplastics using Raman microscopy 

Angela Flack, angela.flack@edinst.com. Edinburgh Instruments Ltd, Livingston, West Lothian, 
United Kingdom  

Microplastics are found everywhere in the environment including oceans, fish, salt, air, rivers, 
bottled water, and tap water. Defined as small solid particles of less than 5 mm they are 
composed of polymers as well as additives, such as dyes. Identifying and characterising 
microplastics is critical for understanding their potential impacts on human health. 

Raman spectroscopy is an extremely sensitive technique and gives rapid results, ideal for 
distinguishing polymers, contaminants, and dyes. Its fingerprint type analysis offers great 
potential as a tool in identifying microplastics in marine environments. Commonly employed 
techniques for studying microplastics are often limited to particle sizes above 300 µm. However, 
only particles smaller than 150 µm can be absorbed into the human gut and therefore this size 
range could be of vital importance. The high spatial resolution offered by confocal Raman 
microscopy means even the smallest of microplastics can be interrogated, probing down to the 
submicron size range. 

This work presents the analysis of polymers in a water sample within the size range of 30-50 µm 
after filtration, by Raman microscopy. Focussed on three polymers in particular: polyethylene, 
polytetrafluoroethylene, and nylon-6 due to their abundance in the Earth’s oceans, Raman 
microscopy was successfully employed for their identification. Figure 1 shows a microplastic on 
the filter paper, which can be directly analysed under the microscope, and its Raman spectra. 
The confocal microscope allows samples of <150 µm to be easily analysed and utilising Raman 
spectral databases means simple and rapid identification is achievable. 

 
Figure 1: Raman spectrum of a microplastic on a nitrocellulose membrane 
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Deprotonation, guest-mediated capsule and nanotube of 2-bromoresorcinarenes 

Kwaku Twum1, Khai-Nghi Truong2, Frank Boateng Osei1, fosei@oakland.edu, Kari T. 
Rissanen2, Ngong K. Beyeh1. (1) Oakland University College of Arts and Sciences, Rochester, 
Michigan, United States (2) Jyvaskylan yliopisto Kemian laitos, Jyvaskyla, Finland  

Resorcinarenes are widely reported cavity-containing macrocycle when in their C4v conformation. 
They possess a shallow hydrophobic cavity that can selectively bind guests through various weak 
interactions. These compounds are good candidates for functionalization and as synthons for 
constructing complex supramolecular architectures. Despite their functionalization abilities, non-
functionalized resorcinarenes are involved in many host-guest processes ranging from open 
inclusion and capsular assemblies as well as nanotubes. Deprotonation is likely during organic 
synthesis and functionalization of resorcinarenes at the OH groups. Tetra-deprotonated 
resorcinarenes are known in solution whereas mono-and-di-deprotonated are only isolated in the 
solid-state. Our previous study isolated mono-and-tetra deprotonated 2-methylresorcinarene in 
the solid state in the presence of a strong base. We then hypothesized that, the presence of an 
electron-withdrawing group at position 2 in the presence of a strong amine will lead to multi-
deprotonated resorcinarenes with enhanced binding. This study investigated the possibility of 
isolating deprotonated resorcinarenes with bromine at position 2 in the presence of N,N-
Dimethylpiperazine and trimethylamine. Do the protonated amine forms endo- or exo-cavity 
complexes with the deprotonated resorcinarenes? Is the charged-neutral complex capable of 
binding tetramethyl ammonium cation? We use single crystalX-ray crystallography, 1H NMR and 
isothermal titration calorimetry to study these complexes with results showing dimeric capsular 
and nanotube assemblies in the solid and high-affinity binding of tetramethyl ammonium chloride 
in solution. 
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Consequence of component design on the synthesis of poly[n]catenanes 

Guancen Liu1, guancen123@gmail.com, Marissa M. Tranquilli1, Benjamin W. Rawe2, Stuart J. 
Rowan1,2,3. (1) Chemistry, University of Chicago Division of the Physical Sciences, Chicago, 
Illinois, United States (2) Pritzker School of Molecular Engineering, university of chicago, 
Chicago, Illinois, United States (3) Chemical and Engineering Sciences, Argonne National 
Laboratory, Lemont, Illinois, United States  

Mechanically interlocked polymers are attractive for their unique, aesthetic topological structures 
and their material applications. Poly[n]catenanes are a class of polymers comprised solely of 
interlocked rings and have been synthesized in high yield, using the supramolecular assembly of 
macrocyclic and linear thread components. Driven by metal-ligand coordination, the macrocycle 
and thread molecules, which each contain two ligands, self-assemble into an alternating 
metallosupramolecular polymer, upon addition of metal ions. Effective ring closing reaction of the 
thread components results in poly[n]catenanes with as many as 640 interlocked rings. NMR 
chain-end analysis of the poly[n]catenanes shows the presence of three different polymer 
architectures (linear, branched, and cyclic). Utilizing this synthetic approach, a range of new 
poly[n]catenanes have been synthesized with a variety of macrocycles and thread-components 
and investigated by NMR and GPC. These studies revealed that modifications on the 
components lead to significant changes in the interlocked yield of the reactions as well as the 
final polymer architectures. 
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Deciphering structure-based thermal properties of oxazine-ring substituted benzoxazines 
monomers & polymers 

Sourav Mukherjee, sm271@snu.edu.in, Bimlesh Lochab. Chemistry, Shiv Nadar University, 
Gautam Buddha Nagar, Uttar Pradesh, India  

1,3-Benzoxazine monomers (BZ) comprising heterocyclic six-membered oxazine ring with oxygen 
and nitrogen atoms at the 1- and 3-position respectively are prepared via OP-MCS (One-pot 
multicomponent synthesis) protocol, i.e., condensation of phenol, primary amine with formalin. 
These monomers can be turned into thermoset polybenzoxazine (PBZ) by a simple thermal 
curing process via cationic ring-opening polymerization ensuring their industrial sustainability. 
Designing new structural motifs in monomer to enhance the performance of PBZ is thus gaining 
advertency to apt to various applications, e.g., adhesives, flame retardants, high-temperature 
instruments, etc. Despite being a good alternative to the phenol-formaldehyde-based thermosets, 
first-generation un-substituted benzoxazines involve many drawbacks such as huge mass-loss 
during curing, lower PBZ thermal stability, char yield, and thus offer limited utilization in industry, 
etc. 

Here, in this work, oxazine-ring sp3 carbons are substituted with phenyl-groups to yield di-
substituted benzoxazine monomers, viz., PH-fa-[2,4]ph, and PH-ta-[2,4]ph, and they are thermally 
polymerized to earn highly cross-linked polybenzoxazines. Monomers are characterized by 1D 
and 2D NMR spectroscopy, HRMS, and X-ray crystallography. Polymerization temperature and 
thermal stability of monomers and polymers are determined from DSC and TGA analyses 
respectively. Mass loss during polymerization can be subdued largely by employing the strategy 
of phenyl substitution at the oxazine ring, i.e., with the latest generation of di-substituted BZs. 
Corroborating 1D- and 2D-NMR analysis, crystal structure investigation, and Natural Bond Orbital 
calculation, it is found that intramolecular interaction and stereo-electronic effect of phenyl rings at 
the oxazine ring and linked furyl and thiophenyl groups play an active role in controlling mass-loss 
and thus thermal stability before and during polymerization of such monomers. Fourth-generation 
PBZs register high cross-linking and LOI (limiting oxygen index) as supported by high 
decomposition temperature and char yield values. Hence, structural engineering at the molecular 
level seems to be an effective technique to regulate properties of monomers and polymers. 

 
Oxazine-ring di-substituted benzoxazine monomers and polymers.  
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Novel synthesis and characterization of cyclic ketene acetal (CKA) and N-vinyl pyrrolidone 
(NVP) copolymers 

Yuhui Du1, yuhuidu@umass.edu, Yifeng Du2, Stefano Lazzari3, Rupert Konradi4, Thomas 
Holcombe2, Ruobing Zhao2, Guijun Zhao2, E B. Coughlin1. (1) Polymer Science and Engineering, 
University of Massachusetts Amherst, Amherst, Massachusetts, United States (2) BASF 
Advanced Chemicals Co., Ltd., Shanghai, China (3) BASF SE, Ludwigshafen, Rheinland-Pfalz, 
Germany (4) BASF Corporation, Cambridge, Massachusetts, United States  

Radical ring-opening polymerization (rROP) of cyclic ketene acetals (CKAs) provides a route to 
synthesize biodegradable polyesters and confer biodegradability to traditional vinyl polymers. 
However, efficient incorporation of CKA during copolymerization with vinyl comonomers remains 
challenging, due to the slow polymerization kinetics of CKA, as reflected by the low reactivity 
ratios. Two promising CKAs with quantitative ring-opening were synthesized, 2-methylene-1,3,6-
trioxocane (MTC), and 5,6-benzo-2-methylene-1,3-dioxepane (BMDO). Modeling assisted 
copolymerizations of MTC/BMDO with 1-vinyl-2-pyrrolidinone (NVP) using various dosing 
strategies were performed to increase CKA conversion and achieve a uniform distribution of 
esters on the copolymer backbone. Comprehensive analytical techniques were used for structural 
characterization, including molecular weight, sequence length and distribution, evidence of 
branching, and termination mechanisms. 
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Impact of molecular design on degradation lifetimes of degradable imine-based 
semiconducting polymers 

Jerika A. Chiong1,2, chiongjerika@gmail.com, Zhenan Bao1,2. (1) Chemistry, Stanford University, 
Stanford, California, United States (2) Chemical Engineering, Stanford University, Stanford, 
California, United States  

Transient electronics are a rapidly emerging field due to their potential applications in the 
environment and human health. Recently, a few studies have incorporated acid-labile imine 
bonds into polymer semiconductors to impart transience; however, understanding of the 
structure–degradation property relationships of these polymers is limited. In this study, we 
systematically design and characterize a series of fully degradable diketopyrrolopyrrole-based 
polymers with engineered sidechains to investigate the impact of several molecular design 
parameters on the degradation lifetimes of these polymers. By monitoring degradation kinetics via 
ultraviolet–visible spectroscopy, we reveal that polymer degradation in solution is aggregation-
dependent based on the branching point and Mn, with accelerated degradation rates facilitated by 
decreasing aggregation. Additionally, increasing the hydrophilicity of the polymers promotes 
water diffusion and therefore acid hydrolysis of the imine bonds along the polymer backbone. The 
aggregation properties and degradation lifetimes of these polymers rely heavily on solvent, with 
polymers in chlorobenzene taking six times as long to degrade as in chloroform. We develop a 
new method for quantifying the degradation of polymers in the thin film and observe that similar 
factors and considerations (e.g., interchain order, crystallite size, and hydrophilicity) used for 
designing high-performance semiconductors impact the degradation of imine-based polymer 
semiconductors. We found that terpolymerization serves as an attractive approach for achieving 
degradable semiconductors with both good charge transport and tuned degradation properties. 
This study provides crucial principles for the molecular design of degradable semiconducting 
polymers, and we anticipate that these findings will expedite progress toward transient electronics 
with controlled lifetimes. 
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Photocaged R-alkoxysilanes for on-demand functionalization and polymerization control 

Mahmud R. Rashed, rashedm@bgsu.edu. Chemistry, Bowling Green State University, Bowling 
Green, Ohio, United States  

R-alkoxysilanes are the monomer workhorses of silicon-based sol-gel chemistry and are used as 
the building blocks for materials from silicas to silicones. However, uncontrolled hydrolysis, 
premature condensation and overall polymerization control have plagued the sol-gel and 
siloxanes communities since their inception. This study is to develop new silicon sol-gel chemistry 
methodologies that utilize photo protecting groups (PPGs) with R-alkoxysilanes to control the 
synthesis of unique (i.e. sequence defined) siloxanes for use in a variety of applications, including 
sequence defined siloxane polymers, resins, porous materials, photo-healable polymers, 3D 
printed scaffolds, and photo-controlled surface functionalization in coatings (i.e. interlayer 
dielectrics). We have undertaked a fundamental study of the synthesis and characterization of 
alkoxysilanes with bulky PPGs (2-Nitrobenzyloxy, dimethylaminobenzyls, phenacyls, BODIPYs, 
and methylnitrobenzyls). These bulky photoreactive alkoxysilanes will give added hydrolytic 
stability, can be removed on demand using light, and make it possible to functionalize the R-
groups with unusual substituents. The added stability also allows for column purification, which is 
difficult for non-bulky alkoxysilanes. To start this marathon, a series of 2-nitrobenzyloxy 
alkoxysilanes have been synthesized with varying functionalities (Rx-(alkoxy)ysilanes, with x=0-3 
and y=1-4) by newly developed methods. 
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Universal synthesis route to chiral inorganic nanostructures from achiral platforms: Block 
copolymer template-based strategy 

Minju Kim1, akswb123556@naver.com, Yu Jin Jang2, Dong Ha Kim1. (1) Ewha Womans 
University, Seoul, Korea (the Republic of) (2) Sungkyunkwan University College of Natural 
Science, Suwon, Korea (the Republic of)  

Chiral inorganic nanostructures have received tremendous attention due to their potential 
applications and technological prospects. Even though various strategies have been designed for 
fabricating chiral inorganic nanostructures, the complex processes and expense of chiral 
biomolecules and their derivatives remain formidable challenges to realize mass production and 
large-area fabrication with simple and cost-effective processes. Here, we report a simple but 
generalized route for the synthesis of diverse chiral inorganic nanoparticles (NPs) such as Au, 
Ag, PdO, and TiO2 NPs using block copolymer (BCP) templates. Self-assembled BCP inverse 
micelles offered a specific environment for the evolution of chirality, where DL-alanine induced 
the supramolecular chirality via hydrogen bond with pyridines of polystyrene-block-poly(4-vinyl 
pyridine). BCPs were then used as a chiral host to transfer its handedness to the anchored metal 
or metal oxide NPs, leading to an anisotropy factor of -8.6 × 10-4 for Au NPs. Among the chiral 
nanostructures fabricated by chiral polymeric templates, prepared Au and Ag NPs achieved a 
record-high anisotropy factor templated by BCPs, even without the use of any chiral additives. 
Our design concept pinpoints forwarding steps to construct an extended library of viable chiral 
nanostructures, ensuring a practical development of artificial chiral materials. 

 
Schematic illustration of the synthetic route towards chiral inorganic NPs and the hierarchical chirality 
transfer from supramolecular structures to inorganic nanoparticles. (I) Hydrogen bonding between pyridine 
rings and carboxylic acid groups. (II) Inverse micelles comprised of P4VP/DL-ala core and PS shell. (III) 
Efficient chirality transfer from polymeric structures to diverse inorganic nanostructures through strong 
electrostatic interactions.  
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Synthesis and ring opening metathesis polymerisation of o-dialkoxy 
paracyclophanedienes 

Yurachat Janpatompong, yurachat.janpatompong@postgrad.manchester.ac.uk, Michael L. 
Turner. Chemistry, The University of Manchester, Manchester, Manchester, United Kingdom  

The preparation of well-defined 2,3-dialkoxy-substituted PPVs by the ROMP of a 2,3-
dialkoxyparacyclophanediene and the sequential ROMP to give donor-acceptor arylenevinylene 
diblock copolymers will be discussed and the influence of this unusual alkoxy substitution pattern 
for PPV based polymers examined. 

2,3 Dialkoxy substituted PPV polymers have been previously reported by Holmes et al. These 
were prepared by utilizing the Glich methodology and gave polymers with little control over the 
molecular weight, broad dispersities and a range of end groups. Current interest has been to 
develop new synthetic methodologies to synthesise PPVs with well-controlled molecular weights, 
narrow dispersities and selective end groups with a defect-free fully π-conjugated backbone. Ring 
opening metathesis polymerization (ROMP) initiated with Grubbs ruthenium carbene complexes 
has proven to be a valuable route towards PPVs with good control of molecular weight, narrow 
dispersities, and minimal backbone defects. In this work, the highly strained ortho-diethylhexyloxy 
[2.2]paracyclophane-1,9-diene monomer (M1) was synthesized by the ring contraction of a 
dithial[3.3]paracyclophane using a benzyne induced Stevens rearrangement. This 
paracyclophanediene undergoes ring opening metathesis polymerization (ROMP) to give well-
defined 2,3-dialkoxyphenylenevinylene polymers with an alternating cis/trans alkene 
stereochemistry and excellent control of the polymer molecular weight. Fully conjugated block 
copolymers with electron rich and electron deficient PPV segments can be prepared by 
sequential monomer additions with an electron deficient benzothiadiazole paracyclophanediene 
(M2). The optical and electrochemical properties of these polymers were investigated by theory 
and experiment. 

 
Figure 1 ROMP of paracyclophanediene (M1) using the second generation Grubbs catalyst (G2)and the 
sequential ROMP to D-A diblock arylenevinylene copolymers. 
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Molecular weight distribution and polymers additives analysis with size exclusion 
chromatography coupled to refractive index and mass spectrometry 

Jennifer Gough1, jennifer_gough@waters.com, Bryan C. Katzenmeyer1, 
bryan_katzenmeyer@waters.com, Karl lo2, Mark Ritchie2, Nobutake Sato2. (1) Waters Corp, 
Milford, Massachusetts, United States (2) Asia Pacific Headquarters, Waters Corp, Shanghai, 
China  

The data presented demonstrates how ultra-high-performance size-exclusion chromatography 
(UHPSEC) combined with refractive index (RI) and mass spectrometry (MS) detections can 
accelerate polymer analysis by accurately measuring polymer molecular weight (MW) distribution 
and detecting polymer additives simultaneously, with a single system. The additional functionality 
offered by combining the UHPSEC system with RI and single-quad mass detectors is further 
highlighted by simultaneous analysis of the additive concentration in the polymer is shown. 
Several additives were spiked into the polymer sample and analyzed alongside the MW of the 
polymer in a single injection. The mass detector was used in selected ion recording (SIR) mode 
for added selectivity and quantitative analysis of target compound in addition to full scan mode for 
qualitative, screening purposes. Initial data revealed that the additives of m/z 356 (Irganox® 
1222) to m/z 1177 (Irganox® 1010) elute after the polystyrene. The additives eluted in 
descending mass order and all eight additives were well distributed over a retention interval of 2 
min. Additionally, these results demonstrate the analytical advantages of the UHPSEC system for 
low molecular weight compounds which were chromatographically separated at significantly 
better resolution as compared to traditional SEC approaches. 

    
The result of the molecular weight distribution analysis of the polystyrene 706a sample. 
 
Overlay of mass chromatograms of the additives at a concentration of 0.5 ppm and their elution order 
desending according to their mass. 
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Developing heterocyclic isoxazolone-based dynamic thia-Michael acceptors 

Alex E. Crolais1, alex.crolais@gmail.com, Neil Dolinski2, Nicholas R. Boynton2, Scott A. Snyder1, 
Stuart J. Rowan1. (1) Chemistry, University of Chicago Division of the Physical Sciences, 
Chicago, Illinois, United States (2) Pritzker School of Molecular Engineering, University of 
Chicago, Chicago, Illinois, United States  

In this work, we describe the development of a new class of isoxazolone-based thia-Michael 
acceptors for use in dynamic covalent chemistries (DCC). Through a straightforward and modular 
synthesis, the uncatalyzed, room temperature reversible addition of a thiol to the electron-poor 
double bond can be tuned by altering the electron-withdrawing/donating nature of the acceptor. 
The use of isoxazolone-based acceptors allows access to room temperature dynamic bonds 
whose equilibrium constants can be varied from a few hundred to the millions M-1. As a result of 
the enhanced bonding characteristics, it was possible to access a series of dynamic covalent 
networks using ditopic Michael-acceptors and oligothiols that exhibit a wide range of 
thermomechanical properties based on the composition of the acceptor. 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse435843


553 
 

General Topics: New Synthesis & Characterization of Polymers: 
Poster 

Synthesis and reactivity of biodegradable, polymer-supported oxygen atom transfer 
reagents 

David Price, david.price@hope.edu, Austin Becksvoort, austin.becksvoort@hope.edu, Erin 
Ramey, Christopher R. Turlington, turlington@hope.edu. Hope College, Holland, Michigan, 
United States  

Polymer-supported oxygen atom transfer reagents have been reported in the literature, but can a 
biodegradable one be synthesized? This work describes a novel cyclic carbonate monomer with 
a pendant iodoarene that can be polymerized with common organocatalytic ring-opening 
polymerization catalysts. Polycarbonate backbones are biodegradable. In addition to preparation 
of the homopolymer, the iodoarene monomer could be randomly copolymerized in small molar 
ratios (10%, 25%, and 40%) with a well-known cyclic carbonate monomer tethered to a pendant 
benzyl group. The iodoarene groups of the polymers were oxidized to the desired oxygen atom 
transfer reagent, an iodosylarene, using potassium chlorate and sodium hydroxide. The polymers 
were tested for their ability to transfer oxygen atoms to common substrates like phosphines, and 
attempts to recycle the polymers after the oxidation reactions are described. 
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Fast and selective polymerization of metallic monomers using organic catalysts 
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Hope College, Holland, Michigan, United States  

Metallopolymers show promise for a variety of applications such as redox-active or stimuli-
responsive materials, but metallopolymers are notoriously challenging to synthesize. New routes 
into metallopolymer synthesis are needed to expand their usefulness. This work investigates the 
organocatalytic ring-opening polymerization of metallocenes tethered to cyclic carbonates. It was 
found that this monomer construct allowed for polymerization reactions to be completed in just 
minutes at room temperature, with good control and predictable molecular weights. Kinetic 
studies of the polymerization reaction suggested a living polymerization, and the synthesis of 
diblock copolymers was completed. The speed of the polymerization reaction, the mild reaction 
conditions, and the compatibility with organic monomers suggest a new paradigm for 
metallopolymer synthesis. 
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Applications and properties of bio-inspired Iron-chelating epoxy resin 

Nickolas L. Chalgren, nick2017@live.com, Michael J. Forrester, Eric Cochran. Chemical and 
Biological Engineering, Iowa State University, Ames, Iowa, United States  

Epoxy resins are among the most used thermosetting polymers in a wide range of applications. 
However, thermosetting by direct heating is not always feasible, notably in temperature sensitive 
materials. Additional curing methodologies have been developed to circumvent this problem, 
such as UV and electron beam stimulation. Curing of magnetically-active epoxy resins under an 
alternating magnetic field has also received some attention in recent years. This development 
only adds value to a class of epoxy resins able to mend under magnetic stimulus. Interested in 
the applications of a novel epoxy with such properties, we designed a tunable resin inspired by 
naturally-occurring siderophores. The resin’s characteristics were explored through study of its 
mechanical, thermal, and rheological properties. In addition, the design of a porous resin with this 
material may lead to a magnetically tunable membrane among other applications and is a focus 
of our work. 
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Printing piezoelectric particles in polymer photoresin 

Julia M. Fraser1, jmfraser2@wisc.edu, Jorge L. Ayarza2, Kyle Chin1, Aaron P. Esser-Kahn2, AJ 
Boydston1. (1) Chemistry, University of Wisconsin-Madison, Madison, Wisconsin, United States 
(2) Molecular Engineering, University of Chicago Division of the Physical Sciences, Chicago, 
Illinois, United States  

Many materials undergo degradation, but few adapt to their degrading conditions. Bone can 
“remodel” by adding new material to areas that experience stress, which has motivated the 
development of self-strengthening materials that autonomously reconfigure. By incorporating 
piezoelectric particles, which respond to mechanical agitation and electrical current, into resin 
formulations, objects with unique geometries can be 3D printed with the ability to self-strengthen. 
We will discuss progress toward multifunctional photoresins that integrate piezoelectric particles 
with functional soft materials. 
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Efficient synthesis of discrete polymer architectures via organometallic reagents 

Grace Kunkel, gkunkel19@g.ucla.edu, Joseph W. Treacy, Alexander M. Spokoyny, Heather D. 
Maynard. Chemistry and Biochemistry, University of California Los Angeles, Los Angeles, 
California, United States  

The vast applications realized through polymer chemistry is in part due to the numerous possible 
polymeric architectures that contribute to distinct structure-property relationships. Despite 
innovations of controlled polymerizations, conjugation between existing polymer chains is critical 
towards achieving many interesting architectures, particularly when the polymer target contains 
units not polymerizable by similar methods. The conjugation of existing polymer chains requires 
highly efficient chemistry due to the low concentration of reactive units, the steric hinderance 
caused by polymer chains, and the purification challenges of removing unreacted polymer 
starting materials. To this end, bench-stable organometallic reagents have been applied to post-
polymerization block copolymer synthesis. Synthesis of polymers with complimentary reactive 
handles was achieved by modifying small molecule initiators and termination moieties for 
substrates prepared by reversible addition fragmentation chain-transfer polymerization (RAFT), 
ring opening polymerizations (ROP), ring opening metathesis polymerizations (ROMP), and atom 
transfer radical polymerization (ATRP). The relative synthetic ease of installing these ubiquitous 
reactive units highlights the chemoselectivity, versatility, and tolerability of the organometallic-
mediated polymer conjugation strategy. 
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Encapsulation of functional payloads into (hyper)branched polytriazole-based 
unimolecular containers 

Kangling Ma, kma@nd.edu, Xiuyu Jin, Haifeng Gao. University of Notre Dame, Notre Dame, 
Indiana, United States  

Nanostructured organic materials applied in payload delivery, including self-assembled polymers 
and lipid-based particles, are inherently suffering from modest-controllability of uniformity and 
unexpected disassembly. These limitations can be overcome by using unimolecular containers as 
these macromolecular nanostructures are stable in solvent and solid states, benefiting from the 
covalently bonded core-shell structure. Moreover, the size of these unimolecular micelles can be 
freely tuned in the synthesis step to meet various applications. In this presentation, we reported 
(hyper)branched polytriazole-based unimolecular containers with various sizes, degrees of 
branching (DB) and functionalities obtained from a one-pot copper-catalyzed azide-alkyne 
cycloaddition (CuAAC) reaction and studied the structural property influences on the payloads’ 
encapsulation efficiency and release mechanism. The dependency of the encapsulation 
performance of Nile Red on the size of unimolecular containers was demonstrated, in which high 
loading content and efficiency was achieved by using unimolecular containers with lower DB, and 
the introduction of functionality provided distinct release mechanism. We expect these 
explorations will provide a versatile platform of unimolecular containers for suitable payloads in 
applications including drug delivery and bio-imaging. 
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Controlled synthesis of strong donor/acceptor-based conjugated polymers and their 
(co)polymers via universal Suzuki−Miyaura catalyst-transfer polymerization 

Jaeho Lee, alchemic91@snu.ac.kr, Tae Choi. Department of Chemistry, Seoul National 
University, Seoul, Korea (the Republic of)  

Although living catalyst-transfer polymerization has revolutionized the field of conjugated polymer 
synthesis, the polymer scope is rather narrow with a given catalyst system. Herein we report a 
highly efficient Suzuki−Miyaura catalyst-transfer polymerization (SCTP) using Buchwald Pd G3 
precatalysts that covers a wide range of monomers from electron-rich (donor, D) to electron-
deficient (acceptor, A) (hetero)arenes. Initially, we optimized boronates to modulate the reactivity 
and stability of the monomers. As a result, poly(3,4-propylenedioxythiophene), polybenzotriazole, 
polyquinoxaline, and poly(2,3-diphenylquinoxaline) were prepared with controlled molecular 
weight and narrow dispersity (< 1.29) in excellent yield (>85%). In addition, the use of 
RuPhos−Pd having excellent catalyst-transfer ability led to unprecedented controlled D−A 
statistical copolymerization, thereby modulating the HOMO energy level and band gap energy of 
the resulting copolymers. Moreover, the living nature of SCTP allowed to prepare various D−A 
and A−A block copolymers by the sequential addition method. Furthermore, simple but powerful 
one-shot D−A block copolymerization was achieved by maximizing the rate difference between 
the donor and acceptor monomers. 
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Expanded utility of metal-free ring-opening metathesis polymerization via ion pairing 
effects 

Shuyi Zhang, szhang686@wisc.edu, Sean Gitter, AJ Boydston. Chemistry, University of 
Wisconsin-Madison, Madison, Wisconsin, United States  

Metal-free ring-opening metathesis polymerization (MF-ROMP) is a recently reported reaction to 
synthesize alkene metathesis polymers. An additive study was designed to screen compatible 
anions to MF-ROMP. The compounds of interest included carboxylates (acetate, benzoate) and 
sulfonates (tosylate, triflate, bistriflimide). Guided by the additive study, compatible anions were 
introduced to initiator, monomer, or photocatalyst structures. Covalently attaching a compatible 
anion to the initiator functionality elongated the lifetime of the initiator in nonpolar media, 
potentially allowing us to achieve bulk polymerization. Preparing pyrylium salt catalysts with 
different counterions stabilized the photocatalyst in bulk media while providing better 
stereocontrol of the polymers. Lastly, synthesizing derivatives of the compatible anions to 
monomers allowed post-polymerization modification and increased the scope of functionalities 
MF-ROMP could achieve. Ultimately, this study allowed our research team to establish a better 
stereocontrol of MF-ROMP, expanding the functionalities of the synthesized polymers, and would 
eventually lead to bulk polymerization with MF-ROMP. 

 

 
MF-ROMP: Additive study 
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Stereoselective helix-sense-selective cationic polymerization of N-vinylcarbazole using 
chiral Lewis acid catalysis 

Cole Sorensen, cole15@live.unc.edu, Frank A. Leibfarth. Chemistry, University of North Carolina 
at Chapel Hill College of Arts and Sciences, Chapel Hill, North Carolina, United States  

Helical polymers with a defined main-chain atropoisomeric conformation are important materials 
in high value applications such as non-linear optics and chiral separations. Currently, no methods 
exist for the cationic helix-sense-selective polymerization of prochiral vinyl monomers, which 
limits access to a number of potentially valuable optically active helical polymers. Here, we 
demonstrate the first stereoselective cationic helix-sense-selective polymerization, which provides 
access to optically active helices of poly(N-vinylcarbazole). Chiral bis(oxazoline)-scandium Lewis 
acids serve as chiral counterions to polymerize N-vinylcarbazole into highly isotactic (up to 94% 
meso triads) polymers. Mechanistic investigations uncovered the distinct phenomenon that are 
responsible for independent control of conformational (i.e. helicity) and configurational (i.e. 
tacticity) stereochemistry. Polymer helicity was strongly influenced by the stereoselectivity of the 
first monomer propagation, whereas polymer tacticity was dictated by the thermodynamically-
controlled conformation of the growing polymer chain end. Overall, this method expands the suite 
of accessible helical polymers through helix-sense-selective polymerization and provides 
mechanistic insight into how polymer tacticity and helicity can be controlled independently. 
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Macroscopic actuation of bisazo hydrogels driven by molecular photoisomerization 

Masoud Kazem-Rostami1, Masoud.kr@gmail.com, chuang li2, James S. Seale1, Samuel I. 
Stupp1, J. Fraser Stoddart1. (1) Northwestern University, Evanston, Illinois, United States (2) 
Department of Polymer Science and Engineering, University of Science and Technology of 
China, Hefei, China  

Living organisms use the amplification of molecular motions over orders of magnitude to produce 
deformation, motion and function on the macroscale. The design of artificial molecular machines 
that can mimic their biological counterparts in the production of such macroscopic actuation is of 
great interest. We have designed and synthesized a bisazobenzene-based molecular 
photoswitch that displays a highly directional geometrical transformation upon 
photoisomerization. When this photoswitch is incorporated into polymer networks as a 
crosslinker, its directional contraction and expansion drive the movement and rearrangement of 
polymer chains and amplifies these motions to the macroscale. The result is a direct macroscopic 
volume change and deformation of the bulk polymeric hydrogels. These photoswitchable 
hydrogels therefore mimic macroscopic biological motions such as muscular contraction and 
light-driven bending similar to phototropism. Furthermore, the use of this photoswitch to tune the 
macroscopic properties of hydrogels is in principle transferable to a variety of polymeric systems. 
This work develops a clear connection between molecular motion and macroscopic actuation, 
providing a platform to investigate this relationship further. 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse435843


563 
 

General Topics: New Synthesis & Characterization of Polymers: 
Poster 

Rapid photoinitiated cationic polymerization of vinyltoluene to produce plastic scintillators 

Caleb Chandler, chandler@mines.edu. Colorado School of Mines Department of Chemistry, 
Golden, Colorado, United States  

Plastic scintillators are materials that produce optical light in response to incident ionizing 
radiation. Commonly employed at borders and ports to screen for radioactive nuclear material, 
these plastics consist of a fluorophore dissolved in an aromatic plastic matrix and are traditionally 
prepared through thermally initiated radical polymerization of liquid monomers such as styrene 
and vinyl toluene. Photoinitiated processes are desirable for fabricating plastic scintillators, 
especially if solids can be produced with kinetics amenable to additive manufacturing. We 
investigated the rapid curing of vinyltoluene monomer into solid plastic scintillator through a 
photocationic mechanism initiated by an iodonium hexafluorostibate salt. Photo differential 
scanning calorimetry was used to study kinetics as a function of photocuring conditions and 
fluorophore concentrations. Dopants such as 9,9-dimethyl-2-phenylfluorene, 9,9-dimethyl-2,7-
distyryl-fluorene, and 2,5-diphenyloxazole were tested for compatibility with the cationic curing 
process. Scintillating materials prepared under low intensity UV light without the use of cross-
linker exhibit competitive response to commercial plastic scintillators. 

 

 
Photocationic polymerization of vinyltoluene [top]. Photocalorimetry of polymerization in the presence of 
different fluorophores [bottom]. 
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Enhanced acceptor interaction in strapped conjugated polymers – the role of unstrapped 
comonomers 

Fatima Hameed, fh275@georgetown.edu, Manikandan Mohanan, Charles Ochonma, Nagarjuna 
Gavvalapalli. Chemistry, Georgetown University, Washington, District of Columbia, United States  

1D-π conjugated polymers are used in optoelectronic and electronic applications including light-
emitting diodes, organic field-effect transistors, and photovoltaics. Appending solubilizing chains 
to the repeat units of 1D conjugated polymers has been the conventional route to improve the 
solubility and thus their solution processibility for use in the above-mentioned applications. Our 
group has previously shown that incorporating cycloalkyl straps to the aryl repeat units efficiently 
blocks the π-face of the repeat unit and renders soluble π-conjugated polymers without pendant 
solubilizing chains. Increasing the height of the cycloalkyl group increased the solubility of the 
polymers but lowered the polymer fluorescence quenching by an acceptor molecule. Thus, 
blocking the π-face of the conjugated polymer with the cycloalkyl groups hampers the charge 
transfer to acceptor molecules and lowers the Stern-Volmer quenching constant (KSV). To 
increase the KSV of strapped polymers, we synthesized copolymers with 
dithia[3.3]paracyclophane units and adamantanocyclophane and showed that the KSV of the 
copolymer was almost 5 times higher than the homopolymer but notably lower than the un-
strapped conventional polymer. To further enhance the KSV of strapped polymers, we have 
synthesized a series of strapped copolymers containing structurally and electronically diverse 
comonomers. In this poster, I will discuss the synthesis of a series of copolymers of 
adamantanocyclophane with various un-strapped conjugated monomers. The effect of the 
chemical structure and electronic nature of the un-strapped co-monomers on the optical and 
photophysical properties is studied. Factors that play a key role in determining the KSV of 
strapped copolymers will be discussed. 
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Synthesis of structurally diverse peptide adsorbents for emergency drug overdose 
treatment 

Hunter B. Wood, hwood@andrew.cmu.edu, Stefanie A. Sydlik. Chemistry, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States  

Synthetic peptides have been broadly studied due to their potential use in a wide range of 
applications. These compounds are inherently applicable to gene and drug delivery, bio-imaging, 
tissue engineering, and antimicrobials due to their aptitude for secondary structuring and the 
chemical diversity of amino acid residues. Despite this wide range of functionality, synthetic 
peptides are seldom used as drug adsorbent materials; instead, activated charcoal is generally 
used in emergency medical treatments for intoxication. Although it is an effective antidote for drug 
overdose, this remedy is associated with lung edema formation and pulmonary compromise from 
aspiration of the activated charcoal. However, recent studies involving traditional antidepressants 
reveal that synthetic peptide adsorbents are a novel, biocompatible treatment for drug overdose. 
This work reports the preparation, characterization, and kinetic studies regarding several classes 
of functionally-diverse peptides. These investigations provide evidence that synthetic peptides 
adsorb high concentrations of heteroatomic organic molecules. Further, this versatile strategy 
offers treatments that are tuned to the chemical properties of the adsorbate, providing an 
alternative to current generic treatments. However, more investigations regarding the effect of 
structural diversity on adsorption kinetics should be performed before this strategy may be 
developed and adopted into widespread medicine. 
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Molecular engineering of π-conjugated polymer with metal-ligand interactions: Synthesis 
and applications 

Blake St. Onge, stongep@uwindsor.ca, Simon Rondeau Gagne. Chemistry, University of 
Windsor Faculty of Science, Windsor, Ontario, Canada  

In the context of the Internet of Things (IoT), where every day devices are connected and 
acquiring data on our environment, devices must progress down a path of innovation which 
improve on the current designs. One of the desired outcomes is decreasing the size of the 
electronic devices and their components, but this however comes with some design difficulties 
both synthetically and technologically. Generally, as the devices become smaller, device output, 
efficiencies and mechanical properties (flexibility and stretchability) become difficult to control. 
This is especially true for mechanical compliance, as putting electronic devices under stresses 
generally decrease their overall performance. 

Among new strategies to achieve stretchable components and materials, chemical design of 
materials incorporating Metal-Ligand (M-L) interactions and have become a very promising 
method into fabricating materials for electronic devices. These interactions can not only trigger 
autonomous self-healing and or degradability but are also promising avenues towards greener 
and environmentally-friendly advanced electronic materials. Moreover, due to the vast array of 
combinations of metal centers and ligands which could be used throughout the synthetic design 
process, optimization of materials for various applications can be performed. 

This presentation will cover the recent efforts of our group to exploit dynamic M-L interactions for 
the design of soft semiconducting polymers. Realized either through side-chain engineering or 
backbone modification, this novel design approach is particularly efficient for a fine-tuning of 
several key properties of π-conjugated materials, including solid-state, optoelectronic, and 
mechanical properties. Throughout this presentation, synthetic methodology will be introduced, 
and the results of a careful materials characterization will be discussed. Application of the new 
materials in organic electronics will also be highlighted. 
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Shape shifting polymers from bullvalene 

Meredith Pomfret, mpomfret@students.stonehill.edu, Matthew Golder, Brian Sun, Anna Freund. 
University of Washington, Seattle, Washington, United States  

Rigid-rod polymers are a class of high-performance lightweight materials that are made up of a 
highly conjugated heteroaromatic backbone. Unfortunately, synthesis and processing of these 
materials is difficult because their chain stiffness leads to low solubility and high thermal 
transitions. We hypothesize that by incorporating ‘shape shifting’ molecular cages into the rigid-
rod backbone we can achieve high thermal stability alongside tunable physical properties of these 
materials. Bullvalene is the ideal fluxional molecule for this application because undergoes low 
barrier Cope rearrangements to sample over one million possible degenerate isomers. In this 
work, we incorporate bullvalene into the rigid-rod backbone by copolymerizing a bis-boronate 
ester bullvalene with 1,4-dibromo-2,5-dihexyl-benzene using a Suzuki polycondensation resulting 
in a molar mass (Mn) of up to 27 kDa and dispersities (Mw/Mn) of ~1.2. These polymers retain 
their thermal stability with a Td of 450 oC, but exhibit an abnormally low glass transition 
temperature (Tg) of 35 oC compared to typical rigid rods with a Tg of >150 oC. Variable 
temperature NMR spectroscopy experiments were performed on this polymer along with a static 
analog to assess fluxionality. Broadening of 1H-NMR peaks in the fluxional polymer at higher 
temperature indicates that the Cope rearrangement is occurring in the polymer chain and that 
bullvalene can act as a molecular “Rubiks’ cube” and induce chain flexibility into the polymer 
backbone. 
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Model silicone elastomers containing silicone oils for reduced fouling and ice adhesion 

Maryam Safaripour, Maryam.safaripour@ndsu.edu, Dean C. Webster. Coatings and Polymeric 
Materials, North Dakota State University, Fargo, North Dakota, United States  

While silicone elastomers containing oil additives have been used to reduce adhesion of fouling 
organisms and ice adhesion, in order to clearly understand the role of the oils it is necessary to 
create well-defined and well-characterized model systems to control coating compositions and 
mechanical properties and link composition to performance. The purpose of this study was to 
investigate the influence of different free silicone oils on biofouling and ice release performance of 
silicone-based elastomer. Model elastomer systems were characterized using gel content, FTIR, 
DSC and TGA. After adding different silicone oils (e.g., phenylsilicone oils) to the model 
elastomers, water contact angle, surface energy, tensile strength, ice adhesion and adhesion 
strength of biofouling were used to evaluate the effect of silicone oils on silicone elastomer 
properties. The results showed that the incorporation of oils into the silicone elastomers improved 
the biofouling and ice release performance of silicone-based elastomers. 
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Determining active chain end distribution of MF-ROMP via quench-labeling 

Vincent Rigoglioso, rigoglioso@wisc.edu, AJ Boydston. Chemistry, University of Wisconsin-
Madison, Madison, Wisconsin, United States  

Most polymerizations achieve molecular weight control by reducing the relative rate of 
propagation to termination. In metal-free ring-opening metathesis polymerization (MF-ROMP), the 
propagating chain ends continuously undergo deactivation and reactivation. This activation 
equilibrium makes it difficult to directly measure the population of propagating chain ends. This 
study probes the rates of activation and deactivation of MF-ROMP chain ends through the use of 
quench labeling, a method first used by the Landis group to determine active site counts on metal 
catalysts in olefin polymerizations. In this method, a UV-active quench is added to the 
polymerization such that it quickly and irreversibly binds and deactivates the active chain end, 
thus quenching the polymerization. The result is a population of labeled and unlabeled polymers, 
both of which are visible via gel permeation chromatography (GPC). From these GPC results, we 
can then calculate, along with other kinetic information, the equilibrium of active to inactive chain 
ends. Here, we look at different chromophoric quenchers and MF-ROMP reaction conditions, and 
how these variables affect the chain end equilibrium and control over MF-ROMP. 

 
Figure 1. Proposed mechanism of photomediated metal-free ring-opening polymerization (MF-ROMP). 

 
Figure 2. (a) Schematic of quench-labeling mechanism in phtomediated metal-free ring-opening 
polymerization (MF-ROMP). (b) Idealized results via gel permeation chromatography (GPC).  
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Design of RGDS-immobilized self-assembling peptide from barnacle protein 

Yoshiaki Hirano1,3, yhirano@kansai-u.ac.jp, Daisuke Fujii1, Ami Takagi1, Kei Kamino2. (1) 
Faculty of Chemistry, Materials and Bioengineering, Kansai Daigaku Kagaku Seimei Kogakubu 
Daigakuin Rikogaku Kenkyuka, Suita, Osaka, Japan (2) Dokuritsu Gyosei Hojin Seihin Hyoka 
Gijutsu Kiban Kiko, Shibuya-ku, Tokyo, Japan (3) KUMP-RC, Kansai Daigaku Kagaku Seimei 
Kogakubu Daigakuin Rikogaku Kenkyuka, Suita, Osaka, Japan  

We designed three types of RGD-containing barnacle adhesive proteins using self-assembling 
peptides. In the present study, we designed a peptide of which the self-assembling peptide Arg-
Arg-Lys-Ser-Tyr-Ser-Gly-Ile-Leu-Gly-Asp-Leu-Ile-Gln-Ala-Val-Ile-Arg-Tyr-Tyr (RY) was modified 
with the cell adhesion peptide RGDS. Three types of molecules were designed: R-Y-RGDS with 
RGDS modified at the C-terminus of R-Y, RGDS-R-Y with RGDS modified at the N-terminus of R-
Y, and R-RGD-Y with RGD introduced into the sequence of R-Y. R-RGD-Y was replaced leucine 
with arginine in the center of R-Y; -LGD- sequence to -RGD-. Three types of RGD-containing 
peptides were synthesized by solidphase peptide synthesis, and the secondary structures of 
these peptides were analyzed by CD and FT-IR spectroscopy. The mechanical properties of 
peptide hydrogels were characterized by a rheometer. We discuss the correlation between the 
peptide conformation, and cell attachment and cell spreading activity from the viewpoint of 
developing effective tissue engineering scaffolds. We created a peptide-coated cell culture 
substrate by coating peptides on a polystyrene plate. They significantly facilitated cell adhesion 
and spreading compared to a non-coated substrate. When the RGDS sequence was modified at 
N- or C-terminal of R-Y, it was found that the self-assembling ability was dependent on the 
strongly affects hydrogel formation and cell adhesion caused by its secondary structure. 

 
SEM image of 2wt% self-assembling peptide hydrogel. 
(A) R-Y, (B) R-Y-RGDS, (C) RGDS-R-Y, (D) R-RGD-Y. 

 
Table Self-assembling peptide sequence of designed molecules.  
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Design of efficient UV-protective dihydropyridazine thin-film coatings 

Ravindu Nanayakkara1, ravindun@email.arizona.edu, Douglas A. Loy1,2. (1) Chemistry and 
Biochemistry, The University of Arizona, Tucson, Arizona, United States (2) Materials Science 
and Engineering, The University of Arizona, Tucson, Arizona, United States  

Highly efficient, UV-protective thin film coatings consisting of UV absorber dihydropyridazine 
moieties were prepared. These coatings are intended to minimize the destructive 
photodegradation effects of UV radiation on easily photodegradable devices (containing organic 
dyes and plastic materials) to be used in indoor and outdoor applications. 

s-tetrazines are well-known click reagents that undergo Inverse Electron Demand Diels Alder 
(IEDDA) reactions with polybutadienes. The IEDDA reaction leads to the modification of alkene 
groups in polybutadiene to dihydropyridazine groups that can bear a variety of substituents and 
generate nitrogen gas as a byproduct. Polymeric dihydropyridazine thin films consisting of phenyl, 
pyridine, and methyl ester substituents were prepared, and photostability and photoprotective 
ability were evaluated for UVA and UVB radiation. The photooxidation of the dihydropyridazine 
groups in the thin film coatings can be monitored visually through the attenuation of fluorescent 
activity. 

The strong UV absorbance and photostability of these polymeric dihydropyridazines have 
potential applications as UV screening agents in coatings or additives and as sunscreens. 
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Thermoset polymer particle sunscreens using polycondensation technique 

Ravindu Nanayakkara1, ravindun@email.arizona.edu, Douglas A. Loy1,2. (1) Department of 
Chemistry and Biochemistry, The University of Arizona, Tucson, Arizona, United States (2) 
Materials Science and Engineering, The University of Arizona, Tucson, Arizona, United States  

Sunscreens are topical agents that absorb or reflect harmful ultraviolet (UV) radiation of the sun 
and protect the skin against sunburn. Commercial sunscreens are classified into two types. The 
physical sunscreens such as zinc oxide, stay on the skin surface, and deflect the sunlight. 
Chemical sunscreens such as oxybenzone are small molecules with chromophores that absorb 
and convert UV into heat or red-shifted wavelengths. Commercial sunscreens have limitations of 
photochemical stability, invasive chemical exposure, and short lifetimes. In this work, we present 
a new class of polymeric sunscreen thermosets that absorb UV and have greater stability to 
photodegradation. 

Polycondensation technique is used to produce crosslinked thermoset polymers from 
polyfunctional monomers accompanied by the elimination of low molecular weight by-products. 
Phenolics react with aldehydes containing specific substituents in the presence of an acid or base 
catalyst to generate hydrophobic, crosslinked, thermoset polymer particles. These thermoset 
particles displayed excellent UV absorbing properties and photo-oxidation resistance compared 
to commercial sunscreens, with SPF values as high as 50 maintained constant for up to 6 hours. 
Strong UV absorbance and photostability of these thermoset polymers have potential applications 
as sunscreens, UV screening agents, and additives. 
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Novel lithium-based platform: Improving ionic conductivity through polymer 
nanocomposites 

Ashlin Deatherage1, ashlindeatherage@gmail.com, Richard Ly1, Beatrice Bellini2, Brian 
Benicewicz1. (1) Department of Chemistry and Biochemistry, University of South Carolina, 
Columbia, South Carolina, United States (2) Department of Chemical Engineering, Columbia 
University, New York, New York, United States  

Ion exchange membranes are used in nearly all modern technologies, from batteries to 
purification systems. Ionic conductivity and selective permeability play a vital role in the 
characteristics and applications of these membranes. An issue that arises is with increasing ion 
conductivity, the selective permeability decreases. Through the incorporation of nanoparticles, 
conductivity increases without sacrificing selectivity. Despite this observation, few examples in 
literature are found utilizing this method. This work will present a synthetic approach towards a 
novel partially sulfonated polystyrene-grafted nanocomposites for optimum lithium ion-selective 
conductivity. The physical properties can be adjusted by tuning the nanoparticle graft density, the 
chain length and the sulfonation degree of the copolymer. The synthetic strategy, 
characterization, and challenges will be discussed. 
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Amorphous polymer effects on shockwave shape and propagation via molecular dynamic 
simulations 

Michael Roth1, michael.r.roth@erdc.dren.mil, Karina J. Reynolds2, Samantha Daymon2, Brian 
Olson2, Sergei Nazarenko2, John K. Newman3, Manoj K. Shukla1. (1) Environmental Lab, US 
Army Engineer Research and Development Center, Vicksburg, Mississippi, United States (2) 
Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, 
United States (3) Geotechnical and Structures Laboratory, US Army Engineer Research and 
Development Center, Vicksburg, Mississippi, United States  

Solid materials, such as reinforced steel and Kevlar, dominate the field of ballistic resistant 
materials. However, polymers continue to exhibit high potential for ballistic mitigation and 
absorption. Many polymers are amorphous, existing in one of three temperature-dependent 
states: glassy, high elastic, and viscous liquid. The amorphous nature of polymers allows for 
unique characteristics, such as enhanced flexibility, which could improve shockwave absorption 
from high impact occurrences. Polymers can be further modified by changing backbone 
composition, side chain compositions, chain length, etc., creating hundreds of thousands of 
potential materials for ballistic mitigation testing. While some research has been completed to 
study how chemical modification of polymers affects ballistic mitigation, there is little knowledge 
about how the fundamental amorphous state of polymers affects ballistic mitigation. 
Understanding how the amorphous nature affects shockwave mitigation can provide insights and 
directions in the generation of polymers with improved ballistic mitigation properties. In this 
project, we examine shockwave propagation in both liquid and solid potassium, and a common 
polymer, amorphous polyethylene (PE), using molecular dynamics. The shape of the response 
wave as it propagates through the mediums are compared and key differences are observed 
between the solid, liquid, and amorphous materials. Analysis of the shockwave propagation and 
shape provides fundamental information to the mechanisms of shockwave dissipation in 
amorphous materials. 
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Critical amphiphilic concentration: Varying the amphiphilicity of the prepolymer and how it 
affects marine fouling-release performance 

Joseph Dahlgren, joseph.dahlgren@ndsu.edu, Shane J. Stafslien, Lyndsi Vanderwal, James 
Bahr, Dean C. Webster. Coatings and Polymeric Materials, North Dakota State University, Fargo, 
North Dakota, United States  

There is a need for non-toxic coaitngs that can resist the adhesion of marine fouling organisms. 
Amphiphilic additives that contain a hydrophilic and hydrophobic component will create a 
heterogeneous surface that offers desirable marine fouling-release performance. The objective of 
this work was to determine how changing the amphiphilic content of additives in a polyurethane 
(PU) coating system affected the fouling-release performance. The novel amphiphilic additives 
were synthesized with varying concentrations of the hydrophilic and hydrophobic blocks and 
incorporated into a PU system. The additives were further characterized by Monte Carlo 
simulations and GPC to explore their composition in more detail. The surfaces of the 
polyurethane-modified additive systems were characterized by ATR-FTIR, XPS, contact angle 
measurements, and AFM. The surface characterizations indicate the existence of amphiphilic 
domains on the surface due to the stratification of these additives. The fouling-release 
performance of the coatings was assessed with three biological assays: N. incerta, C. lytica, and 
A. amphitrite. The fouling-release performance was dependent on the amphiphilicity of the 
additive, but a plateau of performance was observed at about 25 wt. % additive. This plateau of 
fouling-release performance is referred to as the critical amphiphilic concentration (CAC). 

 
Syntheis of amphiphilic additive based on IPDI Trimer, PDMS, and PEG 
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Design and synthesis of γ-functionalized poly(ε-caprolactone)s grafted with lipoic acid 

Abhi Bhadran, axb180021@utdallas.edu, Erika Calubaquib, Hanghang Wang, Tejas Shah, 
Mihaela C. Stefan. Chemistry and Biochemistry, The University of Texas at Dallas, Richardson, 
Texas, United States  

Poly(ε-caprolactone)s (PCL)s are among the most used aliphatic polyesters for biomedical 
application due to their biodegradability, biocompatibility, and synthetic versatility. The properties 
of this synthetic polymer can be easily tuned by introducing different functionalities. However, the 
difficulty in polymerizing functionalized ε-caprolactone (CL) monomers limits further applications. 
A significant issue is the involvement of these functionalities in the polymerization process, which 
results in unwanted side reactions. Herein, we utilized post-polymerization reactions as an 
alternative to introducing redox responsive lipoic acid to the side chain of PCL. We developed an 
ether-linked γ-propargyl substituted PCL as the hydrophobic block of an amphiphilic diblock 
copolymer (AmDC). The propargyl group was used to couple the lipoic acid via click chemistry. 
The hydrophilic block is composed of an ether-linked, thermoresponsive γ-tri(ethylene glycol) 
substituted PCL. The final AmDC can self-assemble in an aqueous solution to form polymeric 
micelles with a lipoic acid-functionalized hydrophobic core, and tri(ethylene glycol) functionalized 
hydrophilic shell. These polymeric micelles can be used as a drug delivery system for delivering 
the anticancer drug doxorubicin. The tri(ethylene glycol) containing hydrophilic shell is used to 
enhance the solubility of micelles, their circulation in the bloodstream, and thermoresponsive 
properties for triggering drug release. At the same time, the lipoic acid containing a hydrophobic 
core can undergo reversible cross-linking to enhance the micelle's stability and prevent 
premature drug leakage. 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse435843


577 
 

General Topics: New Synthesis & Characterization of Polymers: 
Poster 

Mechanochemical activation and additive-manufacturing of microphase-separating block-
copolymer mechanophores 

Cody Schilling1, cschilling2@wisc.edu, AJ Boydston1,2,3. (1) Chemistry, University of Wisconsin-
Madison, Madison, Wisconsin, United States (2) Chemical and Biological Engineering, University 
of Wisconsin-Madison, Madison, Wisconsin, United States (3) Material Science and Engineering, 
University of Wisconsin-Madison, Madison, Wisconsin, United States  

Taking advantage of both the unique material properties of stimuli-responsive polymers with the 
design freedom enabled by additive manufacturing, has led to the rapid development of a variety 
of sophisticated functional materials. Often these materials have relied on chemical, light, or 
thermal stimuli to induce a response. To expand the scope of stimuli-responsive materials, the 
nascent field of polymer mechanochemistry looks to understand how force can be used as a 
productive stimulus to induce chemical changes. Polymer mechanochemistry has already proven 
a useful tool both in the preparation of stimuli-responsive materials, as well as to understand how 
mechanical force is transduced to the molecular level. Little work has been done, however, to 
understand how inherent stresses derived from polymer microstructure in phase-separated block-
copolymers impacts the ability to activate mechanochemically active species within bulk polymer 
systems, and how this might be leveraged to create new stimuli-responsive and 3D-printed 
materials. To address this, we synthesized a series of block-copolymers with well-studied 
microphase separation behaviors that include an anthracene-maleimide mechanophore at the 
block-copolymer junction. We investigate both the bulk polymers and the ability to additively 
manufacture these materials, as well as interrogate the differences in the efficacy of the 
mechanochemically activated retro Diels-Alder reaction resulting from applied force to these 
systems. 
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Polymer-supported boranes as Lewis acid catalysts 

James McQuade, mcquadej@tcd.ie, Fernando Vidal Peña, Mya I. Serrano, Musaf Syed, Frieder 
Jaekle. Rutgers University Newark, Newark, New Jersey, United States  

 
Novel boron-based Lewis acids have enabled diverse metal-free reactions, but increased 
turnover numbers, stability, and recyclability are required to enable their use in industrial 
applications. We recently reported a strong Lewis acid incorporating a norbornene functionality, 
allowing their polymerization through ring-opening metathesis polymerization (ROMP). This 
presentation demonstrates our recent work on ROMP-polymer supported Lewis acid materials 
and their applications in catalysis. 
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Hydrogel/iron oxide nanoparticles composite synthesis, characterization and their 
application in biomedicine: A review 

Estefani Chichande1, eachichande@uce.edu.ec, Moises Bustamante2,3, Emilio Bucio2. (1) 
Biology, Universidad Central del Ecuador, Quito, Pichincha, Ecuador (2) Institute of Nuclear 
Science, Universidad Nacional Autonoma de Mexico, Ciudad de Mexico, Ciudad de México, 
Mexico (3) Biology, Universidad de Investigacion de Tecnologia Experimental, Quito, Quito, 
Ecuador  

A broad spectrum of materials at macro and nanoscale has been studied for multiple purposes in 
recent years. Hydrogels and nanogels are exciting and promising materials for many applications 
due to their versatile features, such as interacting and absorbing a significant amount of water 
and other solvents, excellent mechanical properties, and adhesiveness. These materials are 
obtained based on the nature of the raw materials (natural or synthetic) and the route of 
synthesis. There are many ways to synthesize hydrogels and nanogels; however, these routes 
can be classified as physical or chemically. Physical synthesis forms a reversible cross-linking. In 
contrast, chemical synthesis can generate a stable, rigid, and irreversible polymeric structure. 
Nowadays, the term “smart hydrogels” has gained significant attention due to its response to 
external factors such as pH, temperature, light, electricity, magnetic, and even an internal 
approach as substrate. Besides, the characteristics and properties of these polymeric matrices 
can be enhanced through the synergic relation with magnetic nanoparticles. Iron oxide 
nanoparticles (IONPs) and superparamagnetic iron oxide nanoparticles (SPIONs) are MNPs that 
have received extensive attention because of their physicochemical and magnetic properties and 
their ease of combination with organic or inorganic compounds. Furthermore, these MNPs into a 
cross-linked matrix (hydrogel) received the name of magnetic composite, which has attracted 
significant interest in the biomedical field. Due to the potential of magnetite-based 
nanocomposites, specifically in hydrogels, processing methods, including physical blending, in 
situ precipitation, and grafting methods, being blending method the most important currently. 
Moreover, the most common characterization techniques employed to study MNPs and magnetic 
gel are discussed. 
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Synthesis of soluble poly(methacrylic anhydride) through cyclopolymerizations 

Mason Kozody, kozodym@clarkson.edu, Ponsubha Sivabalan, sivabap@clarkson.edu, Devon 
A. Shipp. Clarkson University, Potsdam, New York, United States  

Polymers containing anhydride moieties have several medical and pharmaceutical applications 
due to their properties of linear surface erosion and the biocompatibility of the degradation 
products. Anhydride functional groups can also undergo dynamic covalent exchange (DCE) in 
some of these polymers, which allows them to be recyclable and reconfigurable. One such 
polymer is poly(methacrylic anhydride) (PMAA). This dimethacrylate forms a highly crosslinked 
network polymer under typical radical polymerization conditions. However, we have synthesized 
soluble PMAA (i.e., non-crosslinked) through radical polymerization of methacrylic anhydride 
(MAA) under dilute conditions. We also have shown that chain lengths can be controlled using 
the catalytic chain transfer agent bis(boron difluoromethylglyoximate) cobaltate(II) (CoBF). 
Fourier transform infrared (FTIR), 1H and 13C nuclear magnetic resonance spectroscopic 
techniques were used to show that the polymer repeat units are (within limits of the analytical 
methods used) exclusively cyclic anhydride repeat units such the final product is a soluble, linear 
polymer formed by extensive cyclopropagation. 

 
Radical polymerization pathways for PMAA under different conditions. In dilute conditions, a 
cyclopropagation is observed, while under bulk or concentrated conditions propagation to a crosslinked 
system is achieved. 
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Arielle L. Santefort, floydal@clarkson.edu, Devon A. Shipp. Clarkson University, Potsdam, New 
York, United States  

Covalent adaptable networks (CANS) are of great interest due to their thermoplastic-like 
processability while retaining thermoset characteristics such as chemical resistance and 
thermomechanical stability. Polyanhydrides are an example of an intrinsic CAN, and are capable 
of undergoing dynamic covalent exchange with the added benefit of surface eroding hydrolysis 
for biomedical applications. Dynamic covalent exchange of anhydride moieties in highly 
crosslinked poly(methacrylic anhydride) (PMAA) was studied via recycling through repetitive 
grinding and compression molding at high temperatures and pressures (130°C and 152 MPa for 
2 hours). The formation of cyclic anhydride units along the main chain due to the exchange 
between adjacent moieties was observed through IR spectroscopy after each recycling process. 
In particular, the carbonyl region in the IR spectrum of PMAA exhibits changes that are attributed 
to the increase in 6-membered cyclic anhydride units during the recycling process. Calculated 
vibrational spectra of acyclic and cyclic anhydride model compounds showed that the spectral 
changes were due to the fact that cyclic anhydrides exhibit more strain than in acyclic anhydrides. 
The computational method was validated through the accurate prediction of small molecule 
acyclic and cyclic anhydrides IR spectra. The observed cyclization was then used to explain the 
changes in the material properties during PMAA recycling. 

 
Dynamic covalent exchange in polyanhydrides leads to reduction in crosslinking and increased cyclic 
repeat units. 
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Role of blocking agents in the synthesis of polyurethanes: A computational study 

Mehmed C. Ozkan1, mehmed@sas.upenn.edu, Ipek Munar2, Ali E. Acar2, Viktorya Aviyente2. (1) 
Department of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania, United States 
(2) Department of Chemistry, Bogazici Universitesi, Istanbul, Turkey  

Polyurethanes are commonly synthesized by leveraging the high reactivity of the isocyanate 
group towards hydroxyl compounds. However, the sensitivity of isocyanates to water makes 
industrial storage of these compounds difficult. Therefore, blocking agents are used to cap the 
functional group of isocyanate and stable condition against moisture is established. The synthesis 
of phenol-blocked polyisocyanate has already been carried out, where firstly two equivalents of 
toluene-2,4-diisocyanate (TDI) react with one equivalent of poly(tetrahydrofuran)diol to form the 
isocyanate terminated polyurethane prepolymer. Then, phenol-derived blocking agents react with 
the prepolymer to obtain phenol-blocked polyisocyanates. Amine based catalysts are used in 
blocking reactions, where the acidity of blocking agents directly correlates with the rate constants 
of amine-catalyzed blocking reactions. In this research, computational tools were used to explore 
the blocking reaction mechanisms of isocyanate derivatives taking solvents and the catalyst 
effects into account. The phenols with electron withdrawing substituents showed relatively lower 
activation barriers than the ones with electron donating substituents. Moreover, the activation 
barriers of phenols with substituents at para- positions had slightly lower barriers than the ones 
with -ortho derivatives. Two different mechanisms have previously been suggested for the tertiary 
amine catalyzed reactions: concerted and stepwise. The stepwise catalyzed mechanism was 
found to be preferred over the concerted mechanism. Furthermore, the computed rate constants 
of blocking reactions increased as the polarity of the solvent increased. 

 

 
Tertiary amine-catalyzed blocking reaction of polyisocyanate with phenol blocking agent 
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Dispersion ring-opening metathesis polymerization of highly fluorinated norbornenes 

Sanghoon Song1, tkdgns1011@khu.ac.kr, Yohan Chang1, Seung-Hwan Oh2, Jin-Kyun Lee3, 
Soo-Hyung Choi2, Jeewoo Lim1. (1) Chemistry, Kyung Hee University, Seoul, Korea (the 
Republic of) (2) Chemical Engineering, Hongik University, Seoul, Korea (the Republic of) (3) 
Polymer Science and Engineering, Inha University, Incheon, Korea (the Republic of)  

Fluoropolymers have been exploited in a wide range of applications such as imaging, self-
assembly, drug-delivery optics and gas delivery. due to their unique chemical and physical 
properties such as low surface energy, good thermal stability, low refractive index, and high 
transmittance, which are often unattainable in non-fluorinated polymers. Despite the widespread 
utility, syntheses of highly fluorinated polymers are complicated by the material’s very low 
solubility and often require the employment of expensive fluorinated solvents. Conducting 
polymerization in dispersed systems could be envisioned as a viable synthetic strategy for highly 
fluorinated systems, but such endeavors have thus far been scarce. We herein report the 
development of fluorous dispersion ring-opening metathesis polymerization (FD-ROMP), to 
polymerize heavily fluorinated norbornenes without the use of fluorinated solvents. A lipophilic–
fluorophilic block copolymer was prepared and employed as a polymeric stabilizer for FD-ROMP. 
Polymerization of highly fluorinated norbornene (F8NDC) in the presence of the polymeric 
stabilizer allowed for the fluorinated polynorbornenes to be fully converted within minutes of 
initiation, providing highly fluorinated polynorbornene homopolymers with predetermined 
molecular weight and low molecular weight distributions (MWDs) without the use of fluorinated 
solvents. In addition, the fluorinated polynorbornenes were obtained as spherical particles, their 
size could be manipulated over the range of 0.1–7 μm and the particle’s surface area occupied by 
the block copolymer stabilizer was found to be 15.5 nm2 per molecule. The highly fluorinated 
polynorbornenes also exhibited to a high transmittance and a low refractive index. FD-ROMP 
allowed for multigram syntheses of highly fluorinated norbornenes which, in turn, allowed for the 
investigation of their molecular weight dependent viscoelastic properties. The thermal-processible 
fluorinated polynorbornenes showed a relatively high critical molecular weight for entanglement, 
which is attributed to a dense distribution of perfluoroalkyl chains along the polymer backbone. 
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Efficient synthesis of BMPCL [γ-(2-bromo-2-methylpropionyl)-ε-caprolactone] inimer 

Elizabeth Haljun, haljun1@kenyon.edu, Yutan D. Getzler, Shannon E. Wright, Jenna Bouquot, 
Lila Lofving, Meheret Ourgessa, Aidan Clarkson, Nick Gutsche. Chemistry, Kenyon College, 
Gambier, Ohio, United States  

As demonstrated elegenantly by Hedrick, BMPCL [γ-(2-bromo-2-methylpropionyl)-ε-caprolactone] 
can be used to construct block copolymers, expanding the possibilities of dual living 
polymerizations (consecutive or concurrent) to create new molecular architectures.. This has led 
to extensive use since it was first reported with at least 16 publications citing its synthesis, despite 
a ~17% yield over three steps. The Getzler lab group has worked to optimize a synthesis for 
BMPCL. This has improved upon the previous protocol by creating a one-column, three step 
synthesis. The first step is an acylation, followed by a workup. Then, an oxidation of the alcohol to 
a ketone, followed by another workup. Finally, the ketone is oxidized to an ester, followed by a 
workup and the sole instance of flash column chromatography. With one column as opposed to 
three, the process has a lower environmental impact by reducing silica and solvent use. The 
synthesis is also less toxic as it avoids chromium oxidizing agents and their harsh conditions in 
favor of a milder process with higher yield. We hope that this improved synthesis will be of broad 
utility to the polymer community. 
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Modulating the rate of controlled Suzuki–Miyaura catalyst-transfer polymerization by 
boronate tuning 

Hyunwoo Park1, hw-park@snu.ac.kr, Jaeho Lee1, Soon-Hyeok Hwang1, Daeun Kim2, Soon 
Hyeok Hong2, Tae Choi1. (1) Chemistry, Seoul National University, Gwanak-gu, Seoul, Korea (the 
Republic of) (2) Chemistry, Korea Advanced Institute of Science and Technology, Daejeon, 
Daejeon, Korea (the Republic of)  

Despite the remarkable breakthroughs in catalyst-transfer polymerization (CTP) technology in the 
precision synthesis of conjugated polymers, modulating the monomer reactivity is still 
challenging. We report that, by boronate tuning, we can modulate the rate of the Suzuki–Miyaura 
CTP (SCTP) of 3-hexylthiophene with high control. First, cyclic boronate esters showed different 
polymerization rates depending on their diol subunit structure. Additionally, the polymerization 
rates of the N-coordinated boronates were differentiated by tuning their O- or N-substituents. 
Notably, the origin of the difference in reactivity could be explained by the N → B bond lengths. 
The detailed structural analysis of the resulting polymers by 1H NMR and MALDI-TOF 
spectrometry showed that the slower and more stable boronate monomers were less prone to 
homocoupling and protodeboronation, thereby producing poly(3-hexylthiophene) (P3HT) with 
higher control (i.e., molecular weight, dispersity, end-group fidelity, and yield). By rational 
optimizations to suppress homocoupling and protodeboronation, well-defined P3HT were 
prepared at various monomer-to-initiator ratios (M/I ratios). Lastly, the findings from the boronate 
tuning could be applied to an efficient one-shot gradient copolymerization of electronically and 
sterically similar monomers. 
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PEDOT-NHS a versatile conjugated polyelectrolyte for bioelectronics 

Joshua Tropp, jtropp2@gmail.com, Rebecca Keate, Jonathan Rivnay. Biomedical Engineering, 
Northwestern University Robert R McCormick School of Engineering and Applied Science, 
Evanston, Illinois, United States  

Organic bioelectronics has recently offered various healthcare technologies such as neural 
interfacing electrodes, biochemical sensors, and drug delivery devices, with exciting 
developments on the horizon. Applications in tissue regeneration, for example, allow for the 
electroactive nature of organic bioelectronic materials to affect cell adhesion, signaling, and fate. 
Such applications require increased biocompatibility and biofunctionalization, which are limited by 
the organic semiconductors currently in use. We demonstrate a novel derivative of an organic 
semiconductor poly(3,4-ethylenedioxythiophene) (PEDOT) that can covalently link to biomaterials 
and augment otherwise non-conductive materials with enhanced electroactivity. This is 
accomplished by synthetically modifying PEDOT with N-hydroxysuccinimide (NHS) activated acid 
groups that target the amine-rich structure of many biomaterials. PEDOT-NHS was characterized, 
demonstrating similar conductivity and electrochemical behavior to the parent polymer without the 
NHS-incorporated structural units, suggesting that functionalization can be achieved without 
significantly compromising the electroactivity of the material. PEDOT-NHS and functionalized 
biomaterials were assessed for biocompatibility, hemocompatibility, and potential for regenerative 
engineering. The results of this study demonstrate a novel conducting polymer that can augment 
biomaterials with enhanced electroactivity that may both improve regenerative outcomes and 
serve as a tool to investigate the mechanistic benefits associated with electrical stimulation of 
tissue. The outlined approach has potential beyond the functionalization of synthetic biomaterials, 
to natural decellularized tissue for applications in nerve regeneration and bone growth. 
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Design and engineering of highly charged polyether coating to combat fouling 

Gouree Kumbhar, kumbharg@msu.edu, Robert C. Ferrier. Chemical Engineering and Material 
Science, Michigan State University, East Lansing, Michigan, United States  

The surface charge plays a crucial role in fouling of membranes. We can mitigate this problem by 
developing actively charged coating materials which are capable of resisting foulant adhesion. 
Polyethers are a class of polymeric materials for which we have numerous practical and 
conceptual tools to understand and control macromolecular architecture. This is useful in 
providing true compositional control of structure-property relationships in a macromolecular 
materials platform. We synthesized a novel copolymer of propargyl glycidyl ether and 
epichlorohydrin with functional alkyne and chloromethyl groups respectively, using a recently 
developed mono(μ-alkoxo)bis(alkylaluminum) (MOB) initiator. This methodology provides 
controlled molecular weight without any chain transfer for a range of functional epoxides. The 
precursor polymers were then functionalized using thiol click chemistry and amine quaternization 
to obtain polyanions and polycations. The clicked product was characterized using NMR and IR 
spectroscopy techniques. Click chemistry provided precisely tailored multifunctional structures 
with high yields, high selectivity, versatility, and simplicity. We controlled charge density by 
varying copolymer compositions and molecular weights of the precursor polymer. Finally, we 
studied the properties of these membranes to better understand polymer composition–property 
relationships. This information will be important in the future to design better performance 
membranes using surface modification techniques. 

 
Reaction scheme for copolymer functionalization 
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How supramolecular chirality is evolved by photon-to-matter chirality transfer 

Jun Su Kang1, kjs3635@kaist.ac.kr, Sungwoo Kang1, Woo Youn Kim1, Myungeun Seo1,2. (1) 
Chemistry, Korea Advanced Institute of Science and Technology, Daejeon, Daejeon, Korea (the 
Republic of) (2) Graduate School of Nanoscience and Technology, Korea Advanced Institute of 
Science and Technology, Daejeon, Daejeon, Korea (the Republic of)  

Homochirality in life is one of the most unique characteristics across multiple length scales. Such 
prevailing single chirality has been attributed to symmetry breaking occurring in the racemic at the 
prebiotic stage. Circularly polarized light (CPL) has been considered a possible origin that has 
inherent chirality. Here, we present how the chiral information encoded in CPL can be transferred 
and amplified to the supramolecular polymers over the molecular scale, and further discuss the 
efficiencies of light-matter interaction depending on the structures of monomers resulting in 
different supramolecular helicities. We will show the emergence of supramolecular chirality can 
be enhanced and diminished by interacting with molecular chirality and CPL in a constructive and 
destructive way during the early stage of polymerization. Our findings will provide insights into the 
mechanism of photon-to-matter chirality transfer in supramolecular polymerizations and the 
design of chiroptic materials. 

 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse435843


589 
 

General Topics: New Synthesis & Characterization of Polymers: 
Poster 

Imprinted gel of colorimetric water-soluble azo-quinoline probe for detection of sensitive 
Co(II) ions in aqueous media 

Jiwon Suk, sssup98@gmail.com, Hyung-il Lee. University of Ulsan, Ulsan, Korea (the Republic 
of)  

Efficient and selective detection of Co(II) ions has emerged high interest due to their high toxicity 
that can harm human body and environment if it presents with an excessive level. Therefore, the 
development of single-ion reactive molecular probes for the fast, selective and efficient detection 
of Co(II) ions in chemical and biosensor fields is crucial. 

For the selective colorimetric detection of Co(II) ions, an Azo-Quinoline probe-based imprinted gel 
sensor has been developed. (E)-2-((4-((8-hydroxyquinolin-5-yl)diazinyl)phenyl)methyl)amino)ethyl 
acrylate and CoCl2 were combined to form a Cobalt complex with a 1:1 binding stoichiometry. 
Cobalt complex was reacted with methylenebisacrylamide and 2-hydroxy-2-methlypropiophenone 
to generate an imprinted gel with UV crosslink at a wavelength of 365 nm. 

Colorimetric studies show a prominent visual response to Co(II) ions, allowing detection of these 
ion by using imprinted gels. A reversible study confirmed that the quinoline probe can be used as 
a secondary sensor for anions by changing the color of the gel from red to orange. This gel also 
showed a reversibility system in the presence of EDTA2- ion. When Co(II) ions are added to the 
imprinted gel, the color of the solution changed from orange to red due to the formation of a 
Co(II)/(E)-2-((4-((8-hydroxyquinolin-5-yl)diazinyl)phenyl)methyl)amino)ethyl acrylate complex, 
which induced intramolecular charge transfer (ICT) processes. 
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Precision synthesis of various low-bandgap donor-acceptor alternating conjugated 
polymers via living Suzuki-Miyaura catalyst-transfer polymerization 

Hwangseok Kim, cordudn@snu.ac.kr, Tae Choi. Department of Chemistry, Seoul National 
University, Seoul, Korea (the Republic of)  

Although donor-acceptor alternating conjugated polymers (D-A ACPs) are highly potent organic 
semiconductor materials for device applications, the scope of controlled synthesis of them has 
been significantly limited. Herein, we report the precision syntheses of various D-A ACPs and 
their block copolymers were achieved through Suzuki-Miyaura catalyst-transfer polymerization 
(SCTP) using RuPhos Pd G3 precatalyst. Firstly, by combining medium to strong A 
(benzotriazole (BTz) and quinoxaline (QX)) with D (thiophene (Th), 3,4-ethylenedioxythiophene 
(EDOT), and selenophene (Se)), precision syntheses of four D-A ACPs (PBTzEDOT, PQXTh, 
PQXEDOT, and PQXSe) were obtained in controlled Mn, narrow dispersity (1.19-1.51), and high 
yield (>87%). Also, the excellent ring-walking ability of RuPhos-Pd catalyst encouraged us to 
expand SCTP to a more complex target, a quateraryl monomer with diketopyrrolopyrrole (DPP; 
strong A) having carbonyl group, which prohibited conventional Kumada-Tamao CTP, to achieve 
controlled synthesis of an A1-D-A2-D terpolymer, PBTzThDPPTh (Mn = 9.2–40.0 kg/mol). 
Moreover, structural analysis via MALDI-TOF spectrometry and 1H NMR revealed the highly 
efficient external initiation followed by living chain-growth mechanism in SCTP. Furthermore, the 
living nature of SCTP also enabled efficient one-pot syntheses of various di(tri)block copolymers, 
including D-DA (P3HT-b-PQXTh), A-DA (PQX-b-PQXSe), DA-DA (PBTzEDOT-b-PQXTh), and A-
D-DA (PQX-b-P3HT-b-PQXSe) via sequential addition method. Finally, optical and 
electrochemical analyses of the D-A ACPs showed their optical bandgap (Egopt) and highest 
occupied molecular orbital (HOMO) level were tunable in wide ranges (from 1.29 to 1.77 eV and 
from -5.57 to -4.75 eV, respectively) and their block copolymers have broad absorption ranges 
implying promising visible light-harvesting ability. These results highlight the superior catalyst-
transfer ability of RuPhos-Pd along diverse arenes having dramatically different electronic 
densities and high functional group tolerance of SCTP. 

 
  

https://acs.digitellinc.com/acs/live/28/page/905/10?eventSearchInput=&eventSearchDateTimeStart=8/21/2022%2012:00%20AM&eventSearchDateTimeEnd=&eventSearchTrack%5b%5d=201#sessionCollapse435843


591 
 

General Topics: New Synthesis & Characterization of Polymers: 
Poster 

Easy and convenient synthesis of poly(catechol-co-sytrene) by suspension polymerization 
for under water adhesion 

Alexandre J. Lancelot1, alancelo@purdue.edu, Nevin Naren1, Cindy L. Atencio-Martinez1, 
Jennifer M. Garcia Rodriguez1, Jonathan J. Wilker1,2. (1) Department of Chemistry, Purdue 
University, West Lafayette, Indiana, United States (2) School of Materials Engineering, Purdue 
University, West Lafayette, Indiana, United States  

Biomimetic polymers adhesives have confirmed their great potential to overcome the issues 
related with low adhesion in humid conditions. Indeed, following the example of how mussels can 
strongly and easily adhere to reef, catechol moieties have been incorporated into several polymer 
chains such as styrene, acrylic acid or lactic acid to boost adhesion strength in wet environment. 
In particular poly(catechol-co-styrene) outperformed every other commercial adhesives when 
tested underwater, leading to adhesion values up to 3 MPa. 

In order to ease the synthesis of this poly(catechol-co-styrene) and increase its potential 
commercial availability, a novel synthetical protocol was designed that encompassed monomer 
synthesis, polymerization in suspension and final catechol deprotection. Hence, 3,4-
dimethoxystyrene was obtained in a convenient two steps reaction from 3’,4’-
dimethoxyacetophenone, a highly available and affordable small molecule. Then, the suspension 
polymerization conditions were tuned, e.g. stabilizers concentration, stirring speed and vessel 
and blade diameters, to afford the most suitable polymer molecular weight and dispersity for 
adhesion. Finally, diverse methoxy ether cleavage agents were tested to deprotect the methoxy 
groups. The best results in term of deprotection efficiency and polymer purification were obtained 
while using iodocyclohexane. Following this procedures, poly(catechol-co-styrene) batches of up 
to 60 g with a Mw of 190 kg.mol-1 and dispersity of 3.5 were prepared. 

Finally, the adhesion strength of the poly(catechol-co-styrene) prepared following the hereby 
presented protocol was compared with the one obtained following the previous anionic 
polymerization (table 1). Whereas the adhesion values appeared to be slightly lower in dry 
conditions with the suspension polymerization protocol, the adhesion values were equal when the 
adhesive was applied and cured under seawater conditions. 

 
Table 1: Adhesion strength of poly(catechol-co-styrene) when prepared following the suspension or the 
anionic polymerizations. 
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Optimization of a Baeyer-Villiger oxidation reaction for the synthesis of γ-alkanoyl-ε-
caprolactones 

Meheret K. Ourgessa, meheretkourgessa4@gmail.com, Lila Lofving, lofving1@kenyon.edu, 
Elizabeth Haljun, Yutan D. Getzler. Chemistry, Kenyon College, Gambier, Ohio, United States  

The Getzler lab currently aims to synthesize novel block copolymers that have an inner cyclic 
form made out of polymerized γ-alkanoyl-ε-caprolactones or GACLs (C in Figure 1) and outer 
blocks that can contain linear polymers. Previously, such copolymers have shown interesting self-
assembly behaviors and thermomechanical properties, prompting our lab to synthesize and study 
a new set of these copolymers. The synthesis of GACL monomers for the inner cyclic form can 
be carried out in a three-step scheme that starts with 1,4-cyclohexanediol (Figure 1). Having 
already optimized the acylation (1,4-cyclohexanediol to A) and the Swern oxidation (A to B) steps 
for this synthesis scheme, our lab worked to optimize the third step, a Baeyer-Villiger Oxidation 
(BVO) which converts the cyclic ketones (B) to lactone monomers (C). Using cyclohexanone as a 
model compound, different reaction and workup conditions were tested to find the optimal set for 
the BVO reaction and the following purification. 

 

 
Fig 1. A three-step synthesis scheme for γ-alkanoyl-ε-caprolactones (GACLs). 
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New polymers from 1,2,3-trithiolanes and properties of trithiolane-containing materials 

Mariel Price, marieljp75@gmail.com, Katherine Harry, Analiese Wiedenbeck, Cameron 
Chrisman, Garret Miyake. Chemistry, Colorado State University, Fort Collins, Colorado, United 
States  

Polymers made from 1,2,3-trithiolane monomers were reported as early as the 1970’s, however, 
little work investigating the synthesis and properties of this class of polymers has been published 
over the last two decades. Uniquely, polymers made from 1,2,3-trithiolanes (poly(trithiolanes)) 
can be depolymerized to regenerate the monomer from which they were synthesized. As such, 
poly(trithiolanes) are interesting from a sustainable polymer perspective. Additionally, as the 
backbone of poly(trithiolanes) are predominantly sulfur, we hypothesized that this class of 
depolymerizable polymers would have unique properties compared other depolymerizable 
polymers which have backbones comprised largely of carbon. Herein, new approaches enabling 
the synthesis of previously unreported poly(trithiolanes) are presented. Additionally, the distinctive 
thermal and mechanical properties of polymers from 1,2,3-trithiolaes and the impact of the sulfur 
backbone and monomer structure on those properties is discussed. 
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Design of polyester having zwitterionic structure for oil repellent material 

Akifumi Kawamura, akifumi@kansai-u.ac.jp, Rika Itomitsu, Takashi Miyata. Department of 
Chemistry and Materials Engineering, Kansai University, Suita, Osaka, Japan  

Zwitterionic polymers show high hydrophilicity, biocompatibility, and oil repellency in water. 
Although most sulfobetaine polymers were synthesized by radical polymerization of sulfobetaine 
(meth)acrylate, few studies have been conducted on the synthesis of sulfobetaine polymers by 
polycondensation. In this study, an aromatic polyester having a sulfobetaine structure was 
synthesized by a post-polymerization reaction. Poly(N-methyldiethylamino terephthalate) having 
tertiary amino groups on their main chain was synthesized by polycondensation of terephthaloyl 
chloride and 2,2'-methyliminodiethanol. The sulfobetaine-containing polyester, 
poly(diethylsulfobetaine terephthalate) (PDSBT), was obtained by ring-opening of 1,3-
propanesultone with PMDAT. By changing the amount of 1,3-propanesultone concentration in the 
feed solution, the sulfobetaine contents of the resulting PDSBT were controlled between 0 to 98 
mol%. The contact angle of hexadecane onto the PDSBT in water increased with increasing the 
sulfobetaine content of PDSBT. In addition, hexadecane did not adsorb onto the PDSBT 
containing 95 and 98 mol% of sulfobetaine in water. These results indicate that the PDSBT is a 
good candidate for constructing oil repellable materials. 

 
Fig. Chemical structure of PDSBT and photos of hexadecane droplet in water before and after contact onto 
the PDSBT substrate. 
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Rapid and energy-efficient glycolysis of recycled PET 

Zahra Aayanifard2, Aayanifa@msu.edu, Muhammad Rabnawaz1. (1) School of Packaging, 
Michigan State University, East Lansing, Michigan, United States (2) Michigan State University, 
East Lansing, Michigan, United States  

In this poster, I will present energy-efficient glycolysis of post-consumer poly(ethylene 
terephthalate) (PET). Pretreatment of PET with zinc catalyst drastically enhanced the 
depolymerization rate leading to full depolymerization in less than 30 min. Energy calculations 
show that our approach is multi-fold efficient compared to conventional depolymerization 
approaches. 
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Pillar[5]arene and norbornene-based systems: New generation of recyclable and high 
performance materials 

Solenne Ritaine1,2, solenne.ritaine@usherbrooke.ca, Kedafi Belkhir2, Patrice Woisel2, Jonathan 
Potier2, Jérôme Claverie1. (1) Chemistry, Universite de Sherbrooke Faculte des Sciences, 
Sherbrooke, Quebec, Canada (2) Chemistry, Universite de Lille Faculte des Sciences et 
Technologies, Villeneuve d'Ascq, Hauts-de-France, France  

Owing to their excellent thermomechanical properties, thermosets are widely used for a myriad of 
applications, from everyday convenience products (adhesives, automotive applications, cements, 
protective coatings, …) to high-tech applications in microelectronic industries and aerospace. 
However, this level of performance comes at a cost: due to their covalently crosslinked networks, 
thermosets are non-recyclable, which poses a threat to the environment once their life cycle 
reaches the end. In this study, we propose to form dynamic 3D-networks to address this issue by 
using hydrocarbon polymers with Pillar[5]arenes (P[5]A) as physical and reversible cross-linking 
agents. P[5]A are supramolecular receptors having excellent molecular recognition properties, 
due to the presence of a rigid and symmetrical cavity capable of forming stable, yet dynamic 
complexes with different types of guest molecules, including hydrocarbons. Norbornene-based 
polymers (PNBE) are the most interesting choice for the polymer backbone as they exhibit 
excellent thermomechanical properties even without being crosslinked. Moreover, NBE 
monomers are easily synthesized via a simple solvent-free Diels-Alder reaction between ethylenic 
derivatives and cyclopentadiene, thus allowing petroleum waste reclamation. For the first time, a 
1/2 stoichiometry was identified between Dimethyl-P[5]A (DM-P[5]A) and PNBE functionalized by 
hexyl chains. This material formed easily and rapidly crosslinked networks with the alkyl side 
groups without even having to heat and displayed thermomechanical properties similar to 
thermosets. This confirms that dynamic 3D-networks are a suitable alternative to design more 
environment-friendly thermosets. 
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Evaluating poly(anhydride-ester)s’ hydrolytic degradation & encapsulation characteristics 
for small molecule release 

Nhien Q. Nguyen1, nnguy326@ucr.edu, Mariana Reis Nogueira de Lima1, Kaitlyn Ngo1, Shuang 
Song1, Thomas Dugger2, Kathryn E. Uhrich1. (1) Chemistry, University of California Riverside, 
Riverside, California, United States (2) Department of Materials Science and Engineering, 
University of California Riverside, Riverside, California, United States  

This poster describes recent development of novel biodegradable and environmentally safe 
salicylic acid-based poly(anhydride-ester)s (SAPAEs) copolymers for controlled release of small 
molecule upon copolymer hydrolytic degradation. Previously, our group has showed that SAPAEs 
homopolymers are effective for controlling inflammation, promoting bone growth, and preventing 
biofilm formation due to the release of salicylic acid as the polymers degrade. Not only can these 
polymers be manipulated into different geometries (e.g powders, fibers, microspheres, disks, 
films, cardiac stents), the degradation and salicylic acid-release rate of SAPAEs can also be 
modulated by changing the chemical compositions of the polymers and linker molecules. The 
tunability of these polymers and their biocompatibility are thus of great potential for different uses 
including pharmaceutical, food, agriculture. Therefore, advances to create new SAPAEs polymers 
with various release rates and tunable properties will open a wide range of opportunities for these 
applications. Here, we describe the preparation of a series of novel SAPAE-based copolymers 
microspheres as well as evaluate their degradation and encapsulation characteristics for small 
molecule release. Our results demonstrate that these SAPAEs copolymers act as an effective 
protecting capsule for the encapsulated substrate of interest and readily degrade to release it with 
additional therapeutic benefits of salicylic acid at various rates. 

 
Top figure: Illustration of hydrolytic degradation of salicylic acid-based poly(anhydride-ester)s (SAPAEs) 
to release salicylic acid and biocompatible linker molecule.  
Bottom figure: Illustration of SAPAE-based copolymers microspheres to be used as protecting capsule for 
encapsulating small molecule of interest. 
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Advancing materials development in limited data scenarios: Verifying sustainable solvent 
selection in polymer foam fabrication 

Zoe Pollard1, zp84@cornell.edu, Athar Roshandelpoor2, Emily Ryan3,4, Pirooz Vakili2, Jillian L. 
Goldfarb1. (1) Biological & Environmental Engineering, Cornell University, Ithaca, New York, 
United States (2) Division of Systems Engineering, Boston University, Boston, Massachusetts, 
United States (3) Department of Mechanical Engineering,, Boston University, Boston, 
Massachusetts, United States (4) Division of Materials Science and Engineering, Boston 
University, Boston, Massachusetts, United States  

Early phases of green material development can be accelerated by identifying driving factors that 
control material properties and by understanding potential tradeoffs between desirable properties. 
A full exploration of fabrication variables is often too time and labor intensive and generates an 
inordinate volume of laboratory waste. We developed a pared-down design of experiments (DOE) 
approach to identify the key variables driving material properties and functionality, using tunable 
polydimethylsiloxane (PDMS) foams made via sacrificial templating as an example system. 
Extraneous experimentation is reduced by incorporating intentional trial selection into a DOE 
factor screening tool for limited data scenarios. This limited data DOE approach can 
systematically determine the dependencies of porosity, transparency, and fluid flow through the 
PDMS foam by varying the template particle size and packing while using a more environmentally 
sustainable solvent. The PDMS foams produced by substitution of the greener solvent retain both 
thermal and chemical stability as confirmed by thermogravimetric analysis and chemical 
exposure. Factor screening identified template particle size and packing density as the driving 
factors for foam performance by controlling pore size and interconnectivity. Larger template 
particle sizes increase both fluid flow and light transmittance, while higher packing increases fluid 
flow but inhibits light transmittance. The framework developed can provide a more robust 
understanding of how to tune a material’s properties, allowing for increased ease in fabrication for 
novel and sustainable applications with more efficient and effective exploration of the design 
space. 
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Reprocessing thermoset polyurethane through twin-screw extrusion and green catalysis 

Molly Sun, mollysun@u.northwestern.edu, Daylan Sheppard, William R. Dichtel. Northwestern 
University, Evanston, Illinois, United States  

Thermoset polyurethane (PU) is a ubiquitous commodity plastic, and it is produced on the order 
of 10 million tons annually. Despite extensive use of PU thermosets, this plastic has well-
recognized end-of-life challenges. Previous studies showed that Lewis acid catalysts such as 
dibutyltin dilaurate (DBTDL) can facilitate dynamic exchange between carbamate linkages. 
Consequently, addition of DBTDL to PU networks transforms them to covalent adaptable 
networks (CANs), and they are processable at elevated temperatures through twin-screw 
extrusion. While this method represents a significant breakthrough for PU recycling via carbamate 
exchange, organotins are immunotoxic, teratogenic, and environmentally toxic. Therefore, two 
green zirconium-based catalysts have been identified to improve viability and sustainability of this 
reprocessing method. Catalyst-containing foams were microcompounded, yielding PU films. 
Thermoset PU foams containing zirconium catalysts exhibit characteristic stress relaxation times 
from a range of 1-100 s, on par with or outperforming DBTDL. These catalysts are also capable 
of reprocessing PU foam up to four cycles, and dynamic mechanical thermal analysis indicates 
zirconium-based catalysts can preserve glass transition temperature and crosslink density 
between cycles. Therefore, these zirconium catalysts are appropriate green catalysts for bulk 
reprocessing of thermoset PU plastics. Further work on determining appropriate catalysts for 
different commercial PU waste streams and developing a solvent-free process will expand the 
viability of this bulk reprocessing method and thermoset PU circularity. 
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Ecologically sound mechanochemical fabrication of β-cyclodextrin polymers via twin-
screw extrusion 

Monalisha Jena, monalishajena525@gmail.com. Pharmacy, Bharati Vidyapeeth's College of 
Pharmacy Navi Mumbai, Navi Mumbai, Maharashtra, India  

Cyclodextrin-based nanosponges are a novel delivery technology that consist entirely of three-
dimensional frameworks of hyper-cross-linked cyclodextrins. They create permeable 
nanoparticles with diameters less than 500 nm, round shapes, and a negative surface charge. 
They have also been shown to be capable of transporting both lipophilic and hydrophilic 
compounds as well as driving up the solubility of weakly water-soluble compounds. One of the 
most prevalent CD-NSs synthetic mechanisms includes dissolving the preferred CD in a solvent 
system with consistent stirring, followed by the addition of the cross-linker and a catalyst. Organic 
polar aprotic fluids, such as N, N-dimethylformamide (DMF) or dimethylsulfoxide, are colloquially 
used as solvents. The presence of solvents poses certain implications on the synthesis as a 
whole: the finished substance must be precisely washed with an excess of water or by volatile 
solvents (acetone, ethanol) to eliminate the residual solvent inside the NS structure. This is 
critical for the potential applications of nanosponges in biomedical and environmental disciplines. 
Moreover, since substantial quantities of solvent should be discharged, the batch synthetic 
procedure is impractical for subsequent scale-up of the reaction. Additionally, numerous organic 
solvents are cost-prohibitive, and solvents such as DMSO and DMF, for example, are difficult to 
recycle due to their high boiling point. Since research is shifting towards more sustainable 
approaches, innovative and eco-friendly CD-NS syntheses are now being devised. Notably, a 
mechanochemistry-based approach has entered the fray, which incorporates the application of 
mechanical forces to steer and regulate chemical reactions by transferring energy to chemical 
bonds. It employs a twin-screw extruder (TSE) as a chemical reaction vessel, which possesses 
fine temperature control, and TS Extrusion is a continuous process rather than a batch process. A 
solvent-free model on a β-CD/citric acid (CA) system has been assessed among several CD-NS 
syntheses accessible. Besides that, the same polymer was derived in a much lesser duration 
using TSE. The procured NSs were used for probe adsorption and withdrawal in comparison to 
NSs prepared by batch cross-linking β-CD with CA. Since it is biocompatible, this kind of 
adsorbent material may provide new opportunities for water remediation, and its insolubility paves 
the way for easy recovery of the absorbent and absorbate. 
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Characterization of biofilm growth on acrylic elastomeric coatings with high solar 
reflectivity using an accelerated test method 

Graham P. Abramo, gp_abramo@yahoo.com, Vicki Demarest, Ashish Jayaraman, William J. 
Fabiny, Eric Dyke, George Daisey. Dow Chemical Company, Collegeville, Pennsylvania, United 
States  

Low Tg acrylic coatings with high solar reflectivity have been used to great effect as coatings on 
buildings with low slope roofs to increase the roof substrate service life and to lower the energy 
consumption of the structure. The growth of biofilms in ponded water areas on a coated roof is a 
significant issue affecting coating longevity in the field where repeated wet-dry cycles of the 
biofilm result in premature failure of the coating. An accelerated test method using biofilm isolates 
from an exterior roof has been developed to quickly characterize biofilm growth as a function of 
time on elastomeric roof coating. Automated image analysis using CIELAB color space 
measurements was used to quantify color changes (DE*) on the substrate that correlate to biofilm 
growth. The effect of the chemical composition of coating filler on biofilm growth in this 
accelerated test will also be discussed. 
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Tailoring of cellulose nanocrystal surface via ‘grafting to’ methodology in the melt 

Zehra OLUZ1, oluzzehra@gmail.com, Celine Calvino2, Nicholas Macke1, Stuart J. Rowan1. (1) 
Pritzker School of Molecular Engineering, University of Chicago, Chicago, Illinois, United States 
(2) Freiburg Center for Interactive Materials and Bioinspired Technologies, University of Freiburg, 
Freiburg, Germany  

Cellulose nanocrystals (CNC) are high aspect ratio, bio-based nanoparticles that are well-known 
for their ability to enhance the mechanical properties of polymers when used as fillers. In order to 
achieve optimal reinforcement, the CNCs need to be well dispersed within the host matrix, but 
this can be challenging since the CNCs are hydrophilic and many polymer matrices are 
hydrophobic. One way to promote this dispersion is by grafting polymer chains to the surface of 
CNCs, but grafting processes often involve costly and non-sustainable solvents and result in 
relatively low grafting densities on the CNC surface. This work explores the use of polymers 
encapped with dynamic hindered ureas to graft polymer chains to the CNC surface in the melt. 
This more sustainable approach to grafting polymers onto CNCs also results in higher grafting 
densities with improved thermal properties relative to more traditional solvent-based approaches. 
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Little-known nylon: Nylon 5,9 properties 

Peter M. Meyer, pmeyer3@iastate.edu, Prerana Carter, Ting-Han Lee, Michael J. Forrester, Eric 
Cochran. Chemical and Biological Engineering, Iowa State University, Ames, Iowa, United States  

Polyamides, commonly known by the trade name nylon, are usually synthesized with monomers 
containing an even number of carbons derived from petrochemicals such as adipic acid and 
hexamethylenediamine (HMDA). This work instead focuses on the synthesis, production, and 
characterization of nylon 5,9. The monomers, azelaic acid and cadaverine, are both industrially 
common and derived from bio-based sources, making them ideal candidates for further study of 
odd numbered nylon chains. These new biobased nylons were studied for their thermochemical 
and electrical properties. Previous research has identified odd numbered nylons as being 
piezoelectric, giving rise to many interesting possibilities for the application of a fully biobased 
synthetic nylon. 
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Employing non-food biobased building blocks in various non-isocyanate PU-like materials 
with different architectures and properties 

Yixuan Chen1, yixuanchen2021@u.northwestern.edu, Nathan S. Purwanto2, Boran Chen1, John 
M. Torkelson1,2. (1) Chemical and Biological Engineering, Northwestern University, Evanston, 
Illinois, United States (2) Materials Science and Engineering, Northwestern University, Evanston, 
Illinois, United States  

Fossil-fuel-based polyurethanes (PUs) have been studied and used extensively for several 
decades. Recently, environmental and economic concerns have driven major efforts to eliminate 
the use of isocyanate and substitute fossil-fuel-based precursors with renewable, biobased ones. 
Aminolysis of cyclic carbonates and thio(cyclic carbonate)s generate non-isocyanate 
polyhydroxyurethanes (PHU) and polythiourethanes (PTU), respectively. Cyclic carbonates (CCs) 
or thio(cyclic carbonate)s (TCCs) are synthesized through the fixation of CO2 or CS2 onto 
epoxides; the usage of epoxide building blocks opens up a library of biobased precursors. 
However, commonly reported biobased epoxides are food-based, which leads to potential 
competition between polymer production and the food industry. Considering the lack of study in 
non-food biobased materials, herein, we explored and selected non-food biobased epoxides; 
using the epoxides’ reactivity towards both CO2 and CS2, we prepared both CCs and TCCs that 
were subsequently transformed into non-food biobased PHUs and PTUs. Specifically, by 
selecting CCs with different molecular structures, we designed and synthesized non-food 
biobased linear segmented PHUs with various properties, e.g., thermoplastic elastomers, 
vibrational and acoustic noise damping materials, etc. Using the same epoxides, we also 
synthesized network PHUs and network unconventional PTUs. We demonstrated their 
robustness, reprocessability, promising mechanical performance, and excellent high-temperature 
creep resistance. In addition, we also demonstrated the existence of self-activated dynamic 
disulfide linkages that can enhance the mechanical property and creep resistance. Finally, we 
synthesized non-food biobased self-blowing PHU foams with tunable properties. 
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Bioplastic proteoposite films from plant proteins and plant oil-based latexes for food 
packaging applications 

Tetiana Shevtsova, tetiana.shevtsova@ndus.edu, Kristen Patnode, Andriy Voronov. Coatings 
and Polymeric Materials, North Dakota State University, Fargo, North Dakota, United States  

With increasing demand for alternatives to petrochemical based products in the food packaging 
industry, plant protein-based thermoplastics and thermosets become a perspective and attractive 
option. Soy protein bioplastics demonstrate good film-forming ability, decent flexibility, while 
oxygen barrier properties of soy-derived materials are promising. At the same time, such 
materials lack moisture resistance and toughness. Major corn protein Zein can contribute good 
moisture resistance and barrier performance, but films from Zein are exceptionally brittle and not 
adequate for food packaging materials. In this study, we combined Zein, soy protein and 
plasticizing additive, plant oil-based (POBM) latexes to develop new bioplastic films and explore 
synergistic effects of soy protein’s inherent film formation ability and Zein’s higher strength. 
Incorporation of plant oil-based latexes synthesized in our group helps additionally to plasticize 
and hydrophobize the resulted bioplastic films, as well as improve mechanical and barrier 
properties. As a result, strong yet flexible soy-Zein proteoposite films were prepared. 
Overall, resulted novel bioplastic films are synthesized from all-natural ingredients, show 
competitive moisture resistance, mechanical properties, and improved barrier behavior. 
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Developing new ways to recycle plastics: Tunable ionic-bonded supramolecular block 
copolymers 

Ksenia Karnaukh1,4, kkarnaukh@chem.ucsb.edu, Shuyi Xie4, Kai-Chieh Yang3, Rachel 
Segalman2,3,4, Glenn Fredrickson3,4, Javier Read de Alaniz1. (1) Chemistry and Biochemistry, 
University of California Santa Barbara, Santa Barbara, California, United States (2) Materials, 
University of California Santa Barbara, Santa Barbara, California, United States (3) Chemical 
Engineering, University of California Santa Barbara, Santa Barbara, California, United States (4) 
Materials Research Laboratory, University of California Santa Barbara, Santa Barbara, California, 
United States  

Phase separation of immiscible polymers is one of the main challenges facing recycling plastics. 
One strategy to prevent macroscopic phase separation of immiscible polymers is joining the two 
dissimilar homopolymers with covalent bonds, however, synthesis of conventional block 
copolymers (BCPs) is often complicated, expensive, and time-consuming. Alternatively, 
supramolecular block copolymers (SBCPs) formed by an ionic interaction between two 
homopolymer chains can assist in compatibilizing immiscible polymer blends and compared to 
synthesis of block copolymers can be less challenging synthetically. SBCPs self-assembly has 
been established theoretically and experimentally by combining dissimilar polymers with acidic 
and basic chain ends. Nevertheless, SBCPs have various dynamic features which rely on strong 
ionic bonds that can influence self-assembly. In order to further study their self-assembly and 
dynamics, we have synthesized new ionic-bonded SBCPs by attaching compact ions with 
different degrees of charge delocalization and pKa values onto the chain ends. Moreover, using 
X-Ray scattering and microscopy techniques we have demonstrated the formation of lamellar 
microstructures that are produced by stronger cation-anion interactions and more swollen 
microphases with no long-range order by weaker interactions. Further in our study we show that 
ionic interactions can also be tuned by external stimuli. By applying UV light, we control the 
localization of positive charge and therefore the strength of ionic interactions in SBCPs. As a 
result, we were able to control microphase morphology and domain size using UV light. 
Compatibilizing immiscible polymer blends by introducing ionic bonds and understanding 
parameters that influence tunability of microphases in such SBCPs, can greatly expand the types 
of polymers that can be recycled. 
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Ruthenium removal from ring-opening metathesis polymerization via covalent capture 
purification 

Landon Kilgallon, kilgal@rpi.edu, Jeremiah A. Johnson. Chemistry, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, United States  

Ruthenium-initiated ring-opening metathesis polymerization (ROMP) remains an extraordinary 
tool for polymer synthesis due to its functional group tolerance, the ready availability of monomers 
and initiators, and the overall ease at which well-defined polymers can be rapidly synthesized. 
Nevertheless, the removal of trace ruthenium from the polymeric product remains a difficult task 
due to the wide scope of polymer compositions, the lack of a complete understanding of initiator 
decomposition, and the unknown identities of trace ruthenium products generated during ROMP. 
Beyond affecting the product's color and oxidative stability, trace ruthenium is a potential obstacle 
for the clinical translation of biomedically relevant polymers due to strict limits set by regulatory 
authorities. 
 
Covalent capture, a purification methodology already proven useful for biomacromolecules, acts 
by selectively "capturing" the sole desired product from a complex mixture onto a solid support, 
allowing any and all impurities to be washed away. In this work, covalent capture purification was 
translated to ROMP due to its recognized potential to effect the removal of trace ruthenium from 
ROMP polymers. A ROMP terminator-decorated solid support was carefully designed to enable 
the methodology. In a single cascade metathesis event, the supported terminator simultaneously 
captures metathesis-active polymer onto the support and releases metathesis-inactive ruthenium 
into solution. The solid support is then thoroughly washed to remove all soluble impurities before 
cleaving the pristine polymer product from it. The methodology proved highly effective for 
ruthenium removal (>99%) for a variety of linear polynorbornenes. Furthermore, through careful 
monitoring of trace ruthenium throughout the multistep purification, valuable insight about the 
nature of the ruthenium impurities was gathered. 

 
Covalent Capture Purification for ROMP  
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High-quality coatings using vegetable-oil based polyurethane and graphene 

Vishwa Suthar, vishwasuthar311298@gmail.com, Magdalene Asare, magsare70@gmail.com, 
Ram K. Gupta, rgupta@pittstate.edu. Department of Chemistry and Kansas Polymer Research 
Center, Pittsburg State University, Pittsburg, Kansas, United States  

Polyurethane has a wide range of desirable properties because of its ability to be manipulated 
from different monomers and starting reactants. It, therefore, has numerous applications in 
furnishing, packaging, and electronics. The synthesis of polyurethane generally requires polyol, 
additives, and other catalysts in the presence of isocyanate. And since polyol also plays a huge 
role in the properties of polyurethane, lots of research is ongoing in this field. Up to the present 
time, polyols were petroleum-based which is a fast consumption non-renewable source. For the 
accomplishment of environmental demands, analysts engaged with cost-effective and green 
alternatives such as soybean oil, corn oil, and limonene-based sources which have produced 
improved characteristics in polyurethane. In this present work, sunflower oil is converted into a 
polyol using an epoxidation reaction followed by ring-opening with methanol. The polyol is further 
used in the synthesis of a polyurethane composite in a fast one-step reaction with isocyanate. To 
strengthen the mechanical properties of bio-based polyurethane, graphene was enclosed in 
increasing percent concentrations. The dispersion and effects of the interaction between the 
polyol and graphene were investigated. The result includes changes in tensile strength and 
elastic modulus with the increasing concentration of graphene. High tensile strengths of over 20 
MPa and high thermal stability of around 250 were recorded. Our work established an easy route 
to produce bio-based polyurethane as a renewable resource. 
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Sustainable approach to reducing the flammability and improving thermomechanical 
properties of castor oil-based rigid polyurethane foam 

A.A.P.R. Perera1,2, prasadir.perera@gmail.com, Sahilkumar Chaudhary1,2, 
sachaudhary@gus.pittstate.edu, Felipe M. de Souza2, fdesouza@pittstate.edu, Ram K. 
Gupta1,2, rgupta@pittstate.edu. (1) Department of Chemistry, Pittsburg State University, 
Pittsburg, Kansas, United States (2) Kansas Polymer Research Center, Pittsburg State 
University, Pittsburg, Kansas, United States  

As a renewable source, biodegradable polyols have had a significant impact on the development 
of the polyurethane foam (PUF) industry. In this study, the interest in using castor oil-based polyol 
as a polyol was due to its inedibility, low cost, presence of hydroxyl groups, and carbon-carbon 
double bonding. Firstly, castor oil was modified by converting double bonds into hydroxyl groups 
to increase its functionality towards isocyanate. Modified castor polyol showed a high hydroxyl 
number (260-280 mg KOH/g), making it convenient for form PUFs. Flame retardant (FR) has 
been introduced in the manufacture of polyurethane foam to reduce flammability. Bio-based rigid 
PUFs were prepared by a one-shot free-forming process with isocyanate in the presence of 
blowing agent, catalyst, surfactant, and additive flame retardant. Melamine cyanurate (MC), a 
nitrogen-based FR, and expandable graphite (EG), a carbon-based FR, were (separately) 
introduced to suppress flame during RPUF combustion. The properties of RPUFs were 
characterized using FT-IR, scanning electron microscopy, apparent density, compression test, 
thermogravimetry analysis (TGA), and horizontal burning test. Simultaneously, the impact of FR 
concentration on RPUF properties was also investigated. All the RPUFs showed a closed-cell 
structure (over 90%) with a density of around 40 kg/m3 and high mechanical strength. When FR 
was incorporated, RPUFs presented a drastic decrease in burning time and weight loss. This 
result suggests that castor oil-based RPUFs can be used for potential applications in thermal 
insulation. The weight loss curve in TGA showed a two-step thermal decomposition behavior, and 
the difference in flame retardant activity of MC and EG in RPUFs can be explained by a 
difference in the weight loss and residue analysis. Therefore, this work provides a simplistic route 
to synthesize RPUFs from bio-based polyol with persistent flame retardancy and excellent 
mechanical properties. 
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Synthesis of biodegradable thermoplastic elastomers using redox switchable 
polymerization 

Jiangwei Liu1, liuayk@bc.edu, Sarah E. Blosch2, Jeff A. Byers1, John B. Matson2. (1) Chemistry, 
Boston College, Chestnut Hill, Massachusetts, United States (2) Virginia Polytechnic Institute and 
State University, Blacksburg, Virginia, United States  

Poly(lactic acid) (PLA) as a biodegradable and bio-derived polyester has limited application due 
to its brittleness. In an effort to increase the flexibility, a redox-switchable catalytic system was 
developed to make A-B-A’ triblock copolymers containing stiff PLA end blocks and a flexible 
poly(tetrahydrofuran) (PTHF) midblock. A cationic iron(III) catalyst that was previously reported to 
be active for epoxide polymerization was found to form elastomeric materials when 
copolymerized with THF. The incorporation of THF into the polyether was controlled by varying 
the monomer ratio such that the resulting polyether obtained was predominately PTHF. Redox-
switchable polymerization was achieved by reducing the catalyst to an Fe(II) species, which 
arrested the THF/epoxide copolymerization and activated the complex for lactide polymerization. 
The orthogonal reactivity demonstrated by the iron-based catalyst was used to make A-B-A’ 
triblock copolymers. Mechanical characterization of the triblock copolymers demonstrated 
improved flexibility compared to PLA and behavior that makes them suitable as thermoplastic 
elastomers. In addition to providing access to these new thermoplastic elastomers, the redox-
switchable polymerization method used to access these materials provides distinct advantages 
compared to more traditional routes to synthesize thermoplastic elastomers. These advantages 
will be highlighted throughout the talk. 
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Facile preparation of low viscosity and recyclable Schiff base vitrimer resin for carbon 
fiber reinforced composites 

Ming'en Fei, ming-en.fei@wsu.edu, Yu-Chung Chang, Lin Shao, Cheng Hao, Baoming Zhao, 
Jinwen Zhang. Washington State University, Pullman, Washington, United States  

Nowadays, management of carbon fiber reinforced composite (CFRP) waste has become a 
challenging issue that needs prompt solution. Researchers have attempted to use Schiff base 
vitrimer as a recyclable matrix resin for preparation of new CFRP materials in the literature. 
However, most of the reported Schiff base vitrimer resin systems have high viscosity or are in 
solid state, which is inconvenient in product fabrication. In this work, a low viscosity and 
recyclable Schiff base vitrimer resin is prepared from commercially available diamine, dialdehyde, 
and bisphenol A epoxy in a one-pot synthesis. The obtained resin presents a tensile strength up 
to 59.6 MPa and an elongation at break up to 8.4 %. Moreover, this Schiff base vitrimer has 
excellent chemical resistance toward various solvents. Due to the imine bond exchange reaction, 
the material exhibits fast stress relaxation at elevated temperatures (> 160 °C). Also, it can be 
degraded in 0.2 M HCl solution at 200 °C in 4 h using a pressure reactor. By the same thermally 
induced imine bond exchange reaction, the prepared CFRP shows unique welding, shape 
changing, and chemical recycling properties. The findings from the study will help to bring Schiff 
base vitrimer resins from research stage to practical composite applications. 
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Dielectric spectroscopy investigation of hybrid conjugated polymeric memristors 

Jarmila Vilcakova1, vilcakova@utb.cz, Stephen H. Foulger2, Marek Jurca1, Natalia Kazantseva1, 
Petr Saha1, Jiri Pfleger3, Jaroslav Mosnacek4. (1) Centre od Polymer Systems, Univerzita 
Tomase Bati ve Zline, Zlin, Zlínský kraj, Czechia (2) Clemson University, Clemson, South 
Carolina, United States (3) Ustav makromolekularni chemie Akademie ved Ceske republiky, 
Praha, Praha, Czechia (4) Ustav polymerov Slovenskej akademie vied, Bratislava, Slovakia  

A new device has been recently realized, though it was postulated years ago as one of the 
fundamental passive circuit elements. This new device alters its conductivity based on its 
electronic history and is referred to as a memory resistor or “memristor”. The growing interest in 
memristors has resulted in the development of several concepts for the use of these devices, 
such as utilizing memristive systems for reconfigurable logic circuits, or new computer memory 
approaches. Conjugated polymers have been employed as 3-terminal electrochemical 
memristors in the recent past but there is little focus on using conjugated polymers as 2-terminal 
memristors. To that end, a newly synthesized hybrid conjugated polymer with pendant carbazole 
rings, that is, poly(4-(6-(9H-carbazol-9-yl)hexyl)-4H-dithieno[3,2-b:20,30-d]pyrrole) (pC6DTP), 
was employed in the fabrication of a two-terminal memristor with a Al/pC6DTP/ITO configuration 
where the polymer was electrochemically doped. In the present work we focused on 
understanding the flow of charge in a pC6DTP device when studied with thermally stimulated 
depolarization currents (TSDC), specifically the influence of molecular mobility. The cyclic 
voltage-pulse train response of a pC6DTPox-based device to a number of linear-increasing or 
decreasing voltage pulses was studied in order to assess the ability of the device to track its 
voltage history through resistivity modulations. The results of measurements prove the memristic 
behaviour by ability to module the electrical resistivity of device by applied voltage. 
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Azadipyrromethene copolymer nanoparticles 

Grace Eder, gmeder324@gmail.com. Chemistry, Murray State University, Murray, Kentucky, 
United States  

Conjugated polymers based on functional monomers are incredibly powerful materials that 
combine the properties of plastics with the properties of the monomers on which they are based, 
making them useful for a variety of applications including sensing, electronics, and catalysis 
among others. Expanding the library of monomers used in conjugated polymers and developing 
cost-effective and green manufacturing conditions are essential to the success of organic 
electronics. Azadipyrromethenes (ADPs) are a class of chromophores that has largely gone 
overlooked in the field of conjugated polymers. Their strong light absorbance and high electron 
affinity make them good candidates for electron acceptors, but previously they have shown 
difficulty in achieving high molecular weight with a common Pd-catalyzed cross coupling 
polymerization. Because of this, investigation of ADPs in the context of conjugated polymers is 
approached differently by polymerizing them using a less common condensation reaction, which 
requires no precious metal catalyst. Additionally, tuning the solubility of ADPs and ADP polymers 
in less toxic organic and aqueous solvents could help advance alternative manufacturing 
methods to incorporate conjugated polymers into devices in a way that prioritizes worker and 
environmental safety. 
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Thermally reversible thermoset nanocomposite based on dissociative covalent adaptable 
network 

Jaehyun Cho, jcho361@gatech.edu, Binoy Maiti, Daniel Collins, M.G. Finn, Blair Brettmann. 
Georgia Institute of Technology, Atlanta, Georgia, United States  

Many researchers are developing polymers beyond traditional plastics or elastomers but are also 
sustainable. Recently, polymer networks with dynamic covalent bonds have attracted significant 
attention for their good mechanical properties and reprocessability owing to transient 
characteristics of the dynamic bonds. Many chemistries related to those bonds have been 
investigated including vitrimers and dissociative types of covalent adaptive network (CAN). 
However, since both classes of CANs strictly require specific chemical pairs and reaction 
conditions for the bonds to be exchanged, it is not only hard to overcome the intrinsically limited 
properties but to change the process conditions with a fixed viscoelastic behavior. A new type of 
hybrid CAN with highly tunable crosslinking silica particles can lead to widened possibilities of 
chemical reactions and tunable structures of the crosslinked network to facilitate controlling the 
relaxation behavior of the crosslinked network to improve reprocessability. 

Herein, we suggest a method to design mechanically resilient and reprocessable polymer 
composites by introducing surface-functionalized silica particles as a dual tunable moiety. We 
modify the surface of particles with functionalities that allow them to dynamically crosslink into the 
network themselves and study the kinetics of crosslinking and degradation. We use Aza-Michael 
adducts with the silica particles modified to have amine surface functional groups. The 
trimethylolpropane triacrylate (TMPTA) and various molecular amine crosslinkers form a dynamic 
covalent crosslinking network and particles are added that also bond with the resin through the 
additional Aza-Michael reaction. We examine how the functionalized particles affect the bond 
exchange rates of the CAN and resulting crosslinking density, which relates to the final properties 
of the composites. In addition to the insights gained by designing new composite systems with 
dynamically bonding particles, our studies of kinetics will play a large role in moving this work 
towards applications. 
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Novel polyhydroxy alkanoate recovery method from engineered E.coli 

Hooman Torabi, ht446@cornell.edu, Alireza Abbaspourrad. Cornell University College of 
Agriculture and Life Sciences, Ithaca, New York, United States  

While bio-based polyhydroxy alkanoates (PHAs) have potential as a future replacement for 
petroleum-based plastics, large-scale PHA production is still not competitive due to the cost of 
carbon sources and the difficult recovery of PHAs from the producing microorganisms. To 
address the recovery issues, we have developed a facile, organic solvent-free, and cost-effective 
method for a greener recovery of polyhydroxy butyrate (PHB) from genetically modified E. Coli. 
Bird’s eye magnetoreceptor protein (clMagR) was fused to the PHA polymerase enzyme (phaC) 
via a flexible linker to maintain the cIMagR activity. This combined cIMagR-linker-phaC complex, 
which is covalently bound to the PHB microbeads through the phaC, provides a magnetic handle 
for the biopolymers. Without any additional organic extraction solvents, once the cells are 
harvested and lysed, the PHB microbeads can be separated directly from the aqueous cell lysate 
using a magnetic field. The PHB recovered by this method was comparable to PHB recovered via 
conventional solvent extraction methods. 

 
PHB recovery (images created using Biorender online tool) 
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Acetals for adaptable, degradable and reprocessable thermosets 

Josh Hayles1, jhayles1@sheffield.ac.uk, steven brown3, Patrick Fairclough2, Seb spain1. (1) 
Chemistry, The University of Sheffield, Sheffield, Sheffield, United Kingdom (2) Mechanical 
Engineering, The University of Sheffield, Sheffield, Sheffield, United Kingdom (3) Scott Bader Co 
Ltd, Wellingborough, United Kingdom  

Thermoset networks are important in a range of industries such as dental care, composites and 
coatings, providing excellent mechanical strength and durability. However, cross-linking causes 
them to become insoluble and therefore makes their reuse, separation from high value 
components and recycling challenging. Existing recycling techniques can be broadly 
encompassed into two categories; mechanical recycling, where networks are broken down into 
fibres or fillers for reuse and thermal processing, where networks are typically used as fuel. 
However, chemical recycling of materials into useful chemicals is a desirable alternative. 
Furthermore covalently adapatable networks have emerged as promising candidates for 
reprocessable thermosets. Herein we report the synthesis of acetal based methacrylate 
thermosets with adaptable, degradable and reprocessable properties from commodity reagents. 

Firstly a pH responsive methacrylate cross-linker was synthesised from 2-hydroexthyl 
methacrylate and tri(ethylene glycol) divinyl ether (A1, Scheme 1). Under acidic conditions the 
cross-linker readily hydrolysed to the commodity chemicals tri(ethylene glycol) and acetaldehyde. 
Cross-linked methacrylate networks were subsequently synthesised containing A1 via redox 
initiated free radical polymerisation. Networks containing the labile acetal moiety were shown to 
degrade and solubilise on exposure to mild solutions of sulfonic acid derivatives. The polymeric 
product of which can be collected and reprocessed to give cross-linked networks similar in 
structure to the virgin material. 

Furthermore, the acetal groups impart the networks with adaptable properties via acetal 
metathesis and transacetalisation reactions between cross-linkers. We demonstrated this by 
repeated re-joining of mechanically separated lap shear substrates, the bond strength was ~60 % 
that of the original material. 
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Synthesis and characterization of novel biobased epoxidized sucrose cornate 

Michael Odegaard1, michael.d.odegaard@ndsu.edu, Dean C. Webster1, Ewumbua Monono2, 
Sanaul Huda2. (1) Coatings and Polymeric Materials, North Dakota State University, Fargo, North 
Dakota, United States (2) Agricultural and Biosystems Engineering, North Dakota State 
University, Fargo, North Dakota, United States  

A novel biobased high functionality epoxy resin was synthesized from the epoxidation of sucrose 
cornate (SC), which was also synthesized. SC was synthesized via the esterification of corn oil 
methyl ester onto sucrose. The double bonds from the corn oil fatty acid chain were then 
converted to epoxy groups via a reaction with peracetic acid, generated from acetic acid and 
hydrogen peroxide in the presence of ion-exchange resin, to produce epoxidized sucrose cornate 
(ESC). The conversion of these double bonds was measured to be over 95%. Both the SC and 
the ESC were characterized via and nuclear magnetic resonance (NMR) spectroscopy and 
Fourier-transform infrared (FTIR) spectroscopy. Thermoset coatings were also prepared by 
crosslinking the ESC with 4-methyl hexahydrophthalic anhydride (MHHPA) in the presence of a 
catalyst in varying epoxy-to-anhydride ratios. Chemical, mechanical, and thermal properties were 
investigated. Both SC and ESC have well-defined structures as a sucrose core with eight corn oil 
fatty acids. Each macromolecule has high epoxy functionality (8-15 epoxy groups). These 
reactive groups allow for further derivatization of ESC. 
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Aluminium(III) and zinc(II) complexes of azobenzene-containing ligands for ring-opening 
polymerisation of ε-caprolactone and rac-lactide 

Sandeep Kaler, sk2372@bath.ac.uk, Matthew Jones. Chemistry, University of Bath, Bath, Bath 
and North East Somerset, United Kingdom  

The ability to control the outcome of polymerisations using a suitable external stimulus remains a 
formidable challenge in polyer chemistry. Azobenzenes are a highly popular photochromic moiety 
due to the ability to switch between trans and cis isomers upon exposure to UV light, with the 
reverse isomerisation process being induced by visible light. Azobenzenes have been widely 
used across many disciplines of chemistry, however the area of photochemically controlled ring-
opening polymerisations is a relatively new field. Here, photoactive Schiff base ligands bearing 
photochromic azobenzene moieties are reported, as well as their subsequent Al(III) and Zn(II) 
complexes. Trans-cis isomerisation of the ligands and complexes occurs by exposure to UV light 
(365 nm) and differences in isomerisation are observed depending on the subsituents present on 
the backbone of the ligand. Complexation of the ligand to a metal centre has an effect on the rate 
of isomerisation, with bulky substituents on an Al(III) centre displaying a greating propensity to 
isomerise. The rate of photoisomerisation is investigated using spectroscopic techniques and 
real-time reaction monitoring conducted using FlowNMR, a technique which is particularly useful 
for the monitoring of photochemical reactions. The catalytic activity of the complexes is tested for 
ring-opening polymerisation (ROP) of ε-caprolactone and rac-lactide under ambient and UV light 
conditions, with the isomers of the Al(III) complexes displaying marked differences in activity in 
the ROP of ε-caprolactone at room temperature. 
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Exploring grafting-through polymerization as a method for the surface functionalization of 
renewable cellulosic nanomaterials 

Peter Kelly1, peter.v.kelly@maine.edu, William Gramlich1, Douglas J. Gardner2. (1) Chemistry, 
University of Maine System, Orono, Maine, United States (2) School of Forest Resources, 
University of Maine System, Orono, Maine, United States  

The grafting of polymeric materials to colloidal surfaces is ubiquitous in materials science, to 
introduce new reactivities, to achieve improved stability, or to incorporate stimuli responsiveness, 
amongst other goals. Traditionally, this attachment is achieved either by grafting-to the surface 
with pre-synthesized polymers or by grafting-from the colloid via a surface-initiated system. 
Recently, work involving a third method of attachment, grafting-through polymerization, has been 
employed to functionalize colloidal polysaccharide suspensions. Grafting-through polymerization 
involves the capture of propagating species via reactive handles covalently bound to the surface. 
This allows for functionalization with a wide variety of monomeric species, including both 
hydrophilic and hydrophobic species in either solution or emulsion polymerization schemes, along 
with unique polymer microstructures on the surface of the substrate. In this talk, the 
functionalization of cellulose nanofibrils (CNFs) by the grafting-through polymerization of a 
reactive methacrylate handle is used to probe the fundamental properties of this attachment 
scheme. The mechanism of functionalization with water-soluble monomers in a solution 
polymerization system along with hydrophobic monomers in an emulsion polymerization setup is 
explored via FTIR spectroscopy, dynamic light scattering, and size exclusion chromatography. 
The effects of varying reaction conditions, such as monomer to reactive handle ratio and handle 
surface density, will provide insights into the mechanism and kinetics of using a grafting-through 
approach to functionalize a surface. This improved understanding can then be used to tune the 
surface properties of the materials to target specific applications. The ramifications of this 
approach to the use of CNFs as renewable composite reinforcements in PLA are discussed. 
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Enhanced polymer composities with the incorporation of biobased core-shell polymers 

Baker W. Kuehl, bwkuehl@iastate.edu, Michael J. Forrester, Eric Cochran. Chemical and 
Biological Engineering, Iowa State University, Ames, Iowa, United States  

Core-shell polymers are a class of impact modifiers known for their ability to enhance the ductility 
and impact strength of brittle thermoplastics or epoxy resins at relatively low loadings. Core-shell 
polymers are easily dispersed at the nano-scale at loadings of 5% to 15 wt% of the total 
composition where impact strengths of 20x can be obtained. The mechanism of deformation is 
generally shear banding and cavitation of the core-shell polymer upon critical applied stress. 
Energy dissipation is prominent due to the clever design of the core shell polymer where the shell 
can allow for low Tg rubbers to be stable in the thermoplastic matrix. Core-shell polymers are 
synthesized where the shell, typically a polymethyl methacrylate (PMMA), is a high Tg 
thermoplastic that is miscible with the matrix to minimize the interfacial energy barrier between 
the matrix and the core shell polymer. The core, typically either polybutadiene (PB) or butyl 
acrylate (PBA), are low Tg rubbers that dissipate the energy upon applied stress to the matrix. 
While core-shell polymers are extremely useful in improving the impact strength of brittle 
composites at low loadings, currently all core-shell polymers are synthesized with petroleum-
derived feedstocks. For this reasoning, bio-based core-shell polymers are needed to help further 
minimize the carbon footprint and allow for bio-based engineering thermoplastics to retain their 
composability. 
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Facile preparation, characterization and application of chitosan-coated natural 
diatomaceous earth for the removal of arsenic (V) from drinking water 

Ouro Koumai1,2, koumai.ouro@epa.gov, George Sorial2, Endalkachew Sahle Demessie3. (1) 
United States Environmental Protection Agency, Washington, District of Columbia, United States 
(2) Chemical & Environmental Engineering, University of Cincinnati, Cincinnati, Ohio, United 
States (3) US Environmental Protection Agency Center for Environmental Solutions and 
Emergency Response, Cincinnati, Ohio, United States  

It is becoming a necessity to provide resource constrained small public water utilities with diverse, 
cost-effective, low-technology and sustainable alternatives for removing arsenic and other 
contaminant clusters in order to provide safe drinking water. 
Chitosan-coated Diatomaceous Earth (CCDE), was prepared by coating natural diatomaceous 
earth with chitosan. The chitosan to DE percent mass ratios were varied between 0 and 50%, and 
the effect of chitosan content on the effectiveness of the resulting hybrid biosorbent was 
evaluated. The CCDE was characterized by assessing its microstructure, surface functional 
groups, specific surface area, morphology, elemental composition, surface of zero charge, 
acidity/ alkalinity and thermal stability.  

Batch bottle point isotherm equilibrium experiments were conducted to study the uptake of As(V) 
by CCDE from a solution of disodium hydrogen arsenate heptahydrate (Na2HAsO4, 7H2O) in 
MilliQ water adjusted to a desired pH. The effects of the synthetic water’s initial pH were also 
evaluated. As(V) in samples was measured as total As by inductively-coupled plasma atomic 
emission spectroscopy.  

The experimental results indicated that the amount of As(V) adsorbed increased with chitosan 
content of CCDE while the treated water filterability reduces. The CCDE with 30% chitosan 
content (CCDE30) is optimal for removing As(V) from drinking water. As(V) uptake decreased 
with increasing pH, and the optimal range between 5 and 6. The Isotherm data fit both Langmuir 
and Freundlich models. 

The isotherm data indicated that CCDE30 could be a viable alternative adsorbent for As(V) for 
small system applications because of its effectiveness, ease of preparation, affordability, and 
technology sustainability. In a comparative study, CCDE30 is as effective as Bayer’s Bayoxide 
E33® for As removal at observed occurrence levels through major parts of the U.S.A. CCDE30 
showed 3 to 4 times lesser capacity than E33®, but equivalent if expressed in mg/g of Chitosan. 
The CCDE30 presents the added benefit for multiple regenerations. 
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Sequestration of trace organic contaminants from water into poly(α-olefins) facilitated by 
polyisobutylene additives 

Neil Rosenfeld, Rosena00@tamu.edu, Mara P. Alonso, Ethan C. Quinn, Thomas Malinski, 
David E. Bergbreiter. Chemistry, Texas A&M University, College Station, Texas, United States  

Poly(α-olefin)s (PAOs) are oligomers of alkenes such as 1-decene and 1-dodecene that are 
industrially used as lubricants. Recently, we have explored their use as recyclable, greener, 
alternatives to alkane solvents. The extraordinary recyclability of PAOs can be attributed to their 
low volatility and low levels of leaching into more polar solvents, making them ideal for liquid-
liquid separations. Previously we have shown that PAOs alone can sequester at least 99% of 
hexane, benzene, dichloromethane, 1,4-dichlorobenzene, and nonylphenol from contaminated 
water by liquid-liquid extraction. The PAO sequestering media can then be recycled by aeration 
or extraction. However PAOs alone only sequester non polar species. By adding a 
polyisobutylene (PIB) derivative that is a phase-anchored hydrogen bond acceptor or donor in the 
PAO phase, enhanced extraction efficiencies of more polar contaminants such as phenolics, 
nitrobenzene, tetrahydrofuran, and triethylamine was observed. The PAO/PIB solutions so 
formed were readily recyclable. Similarly, anionic dyes can be extracted from pH 10 water using 
PAO solutions containing PIB-bound cations. Different anionic dyes; including methyl red, methyl 
orange, bromocresol, dichlorofluorescein, and other azo or phthalein dyes all could be 
quantitatively removed from water within minutes. Extensions of these studies and ways to 
recycle these water purification systems will be discussed. 
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Polyamides with built-in flame-retardancy using biobased nitrogen-grafted trans-3-
hexenedioic acid comonomers 

Joseph Hadel1,2, jehadel@iastate.edu, Sohaima Noreen1, Brent Shanks1,2, Eric Cochran1, Jean 
Philippe Tessonnier1. (1) Chemical and Biological Engineering, Iowa State University, Ames, 
Iowa, United States (2) Joint BioEnergy Institute, Berkeley, California, United States  

Biological synthesis has expanded the library of plant-derived molecules that can be produced in 
a scalable and sustainable fashion. A persisting challenge is how to diversify these biobased 
compounds for applications of industrial relevance and select diversification chemistries that 
abide by green principles. The present work focused on the muconic acid derivative trans-3-
hexenedioic acid (t3HDA) and its potential for introducing desired properties, e.g., flame 
retardancy, in nylon 6,6 through modification with pendants and partial substitution of adipic acid 
with the designed monomers. A primary goal was to screen for nitrogen-containing aromatic 
pendants that impart flame retardance to nylon 6,6 polymers while not compromising on other 
polymer properties. A chemical platform was designed for t3HDA to screen a series of aromatic 
thiols, graft them to t3HDA via an isomerization and thia-Michael addition, and copolymerize the 
new diacids with adipic acid and hexamethylenediamine. The physical properties of the 
synthesized polymers and the flame retardant effect of the incorporated monomers were 
characterized using NMR, GPC, DSC, TGA-MS, Py-GCMS and FTIR. This work delivers a series 
of performance-advantaged polyamides with built-in flame retardance and initiates the 
development of a chemical library where ideal flame retardant moieties can be identified. 
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Light as a sustainable trigger for the depolymerization of sulfur-containing polymers 

Analiese Wiedenbeck, anwiede9@colostate.edu, Mariel Price, Katherine Harry, Cameron 
Chrisman, Garret Miyake. Chemistry, Colorado State University, Fort Collins, Colorado, United 
States  

Plastic waste accumulation in landfills and in the environment is a major challenge for 
sustainability. When plastics reach the end of their useful life they are rarely recycled and often 
wind up in landfills, at an incineration facility, or in the environment. Because plastics are not 
designed with sustainable end-of-life considerations, our world is facing a crisis of plastic waste 
accumulation. Chemically recyclable polymers are one emerging solution to this crisis. 
Importantly, sustainable methods for producing and recycling CRPs should be prioritized as these 
new types of polymers are being developed. This project focuses on the development of 
sustainable methods for the depolymerization of novel trithiolane polymers. In this work, light is 
investigated as a stimulus for the depolymerization of poly(trithiolanes). Light, specifically 
sunlight, is an abundant and sustainable source of energy. We propose that the use of light as a 
source of energy for stimulating chemical depolymerization of poly(trithiolanes) is a sustainable 
and effective alternative to chemically driven or thermally driven methods. Herein, I will discuss 
the results from investigating light as a sustainable method for depolymerization of a chemically 
recyclable trithiolane polymer. 
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Combined computational and machine learning methods to design sustainable bioplastics 

Bakhtiyor Rasulev, bakhtiyor.rasulev@ndsu.edu. Department of Coatings and Polymeric 
Materials, North Dakota State University, Fargo, North Dakota, United States  

With development of computational and machine learning methods new opportunities are opened 
to model and design sustainable polymeric materials for various applications. This study 
discusses the ways to develop and investigate various bioplastic materials, where bio-based 
components, such as proteins and biobased latexes are used in order to develop green and 
sustainable polymeric materials. We will discuss how molecular modeling, cheminformatics and 
machine learning methods in combination allow to investigate complex bioplastic materials and 
design new ones with improved physicochemical properties and performance. 
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