
~ 1 ~ 
 

 
 

ACS Division of Polymer Chemistry  
 

Graphical Abstracts 

 
 

A collection of the POLY session and poster 
 graphical abstracts  

presented at the Spring ACS National Meeting. 
 

 
 
 

March 2022  



~ 2 ~ 
 

2022 POLY PROGRAMMING TEAM 
 

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/ 
 

 
Programming Chair 

Sara Orski 
NIST 

sara.orski@nist.gov  

 
Fall 2022 Lead 

Robert Mathers 
Penn. State Univ. 
rtm11@psu.edu  

 
Spring 2022 Lead 

Levi Moore 
AFRL 

levimjmoore@gmail.com 

 
Spring 2023 Lead 

Danniebelle Haase 
Dow 

DHaase@dow.com 
 

 
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.  

https://polyacs.org/symposium-proposal-landing-page/
mailto:sara.orski@nist.gov
mailto:rtm11@psu.edu
mailto:levimjmoore@gmail.com
mailto:DHaase@dow.com


~ 3 ~ 
 

 
 

 
  



~ 4 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Fifty-two years of polymer science and engineering at Southern Miss 

Shelby F. Thames, shelby.f.thames@usm.edu, Charles L. McCormick, 
charles.mccormick@usm.edu, Derek L. Patton, Yoan C. Simon, Sarah E. Morgan. School of 
Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, 
Mississippi, United States  

The Department of Polymer Science was established as an autonomous division of the 
University of Southern Mississippi under the direction of Dr. Shelby F. Thames on July 1, 
1970, offering B.S. and M.S. degrees in polymer science. In 1972 a Ph.D. program was 
added, making the program the first in the nation to offer B.S., M.S. and Ph.D. degrees in 
polymer science. In 1998, the Mississippi Institutions of Higher Learning elevated the 
Department to the School of Polymers and High Performance Materials and allowed the 
School to offer graduate degrees in polymer science and engineering. Permission was 
granted to offer B.S. polymer science and engineering degrees in 2012, the IHL approved the 
name change to School of Polymer Science and Engineering in 2017, and ABET 
accreditation was granted in 2019. The department began with a green chemistry foundation, 
with research in sustainable coatings based on tung oil derivatives, to become the first 
federally funded research facility at USM. Today the school has 14 faculty and has graduated 
over 900 BS and more than 300 PhDs, with research in biodegradable and renewable 
materials, biomaterials, advanced composites, and optoelectronic materials, and hosts the 
International Waterborne Symposium (in its 49th year), directed to the science and technology 
of surface coatings, with a continued focus on sustainability. 
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12 Months as an ICI visiting scientist in 1987 - Polymer grad school, softball with brett 
and a life changing experience 

David M. Haddleton, D.M.HADDLETON@WARWICK.AC.UK. Chemistry, University of 
Warwick, Coventry, West Midlands, United Kingdom  

12 Months as an ICI visiting scientist in 1987 - Polymer Grad School, Softball with Brett and a 
life changing experience 
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RAFT polymerization for the synthesis of block copolymer-based siRNA delivery 
vehicles 

Adam E. Smith2,1, aes@olemiss.edu. (1) Biomedical Engineering, University of Mississippi, 
University, Mississippi, United States (2) Chemical Engineering, University of Mississippi, 
University, Mississippi, United States  

Reversible addition-fragmentation chain transfer (RAFT) polymerization is of particular 
significance for the development of polymeric nucleic acid delivery vehicles due to the ability 
to synthesize well-defined polymers and block copolymers from a wide variety of functional 
monomers. Building prior work, we utilized RAFT polymerization to synthesize a library of 
cationic block copolymers comprised of a hydrophilic stabilizing block of oligo(ethylene glycol) 
methyl ether methacrylate or 2-methacryloyloxyethyl phosphorylcholine and an ammonium- 
or phosphonium-based cationic block for nucleic acid complexation. This series of block 
copolymers allowed the investigation of the influence of the cationic species, the effect of 
cationic block length, and the effect of the alkyl substituent length on the binding, colloidal 
stabilization, delivery of siRNA, and gene knockdown of MYC in MCF-7 breast cancer cells. 
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Synthesizing precise macromolecules, nanocomposites, and adhesives with 
alkylborane complexes 

Andrew J. Magenau, amagenau@coe.drexel.edu. Drexel University College of Engineering, 
Philadelphia, Pennsylvania, United States  

Versatile and robust syntheses that can provide access to materials with precise 
architectures and tailorable properties are instrumental in developing application-relevant 
technologies. In this talk, alkylborane complexes will be explored as a new and powerful 
platform for fabricating well-defined macromolecules, nanocomposites, and adhesives. 
Alkylborane initiated reversible addition-fragmentation chain transfer (AI-RAFT) is discussed 
as a initiation strategy for synthesizing well-defined polymers at room-temperature while in 
the presence of oxygen. The mechanism and structure-reactivity relationships of this initiation 
system are explored using a range of alkylborane Lewis acid-base pairs, chemical 
deblockers, and reaction conditions for optimizing polymerization. The utility of alkylboranes 
is further extended to synthesizing nanocomposites through thiol-ene click chemistry, 
highlighting the advantages/disadvantages of alkylborane initiation, and also as a powerful 
means for ambient and rapid bonding of polymeric substrates using free-radical 
polymerization. 
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Non-spherical polymersomes from symmetric (ABA) and asymmetric (ABC) 
biamphiphilic triblock copolymers 

Tamuka Chidanguro, Yoan C. Simon, Yoan.Simon@usm.edu. School of Polymer Science 
and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Shape transformation of glassy polymersomes into stable non-spherical morphologies rests 
on the delicate balance between membrane flexibility, which allows the vesicle shape to 
change, and the rigidity, which allows the vesicle to maintain the new shape upon quenching. 
We report the shape-change behavior of polymersomes with symmetric (i.e. based on 
identical hydrophilic blocks) and asymmetric (i.e. based on two different hydrophilic blocks). 
By comparing polymersomes from triblock poly(ethylene glycol)-block-polystyrene-block-
polyethylene glycol (PEG-b-PS-b-PS) and their corresponding PS-b-PEG diblock 
copolymers, we demonstrated that under the same conditions, the former require a lower 
molecular weight to transform into stable non-spherical morphologies than the latter. We also 
fabricated polymersomes from poly(2-(dimethylamino)ethyl methacrylate)-block-polystyrene-
block-poly(ethylene glycol) (PDMAEMA-b-PS-b-PEG) block copolymers and demonstrated 
their shape-transformation into non-spherical polymersomes as a response to changes in 
osmotic pressure. We also took advantage of the pH responsive nature of the PDMAEMA to 
fabricate polymersomes with hydrophilic fractions that typically yield lower curvature 
morphologies such as wormlike micelles. Together, these results open up new avenues for 
the fabrication of complex cellular biomimics, drug delivery systems, and nanoreactors. 
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Chemical recycling of mechanically robust polyacetals synthesized by living cationic 
ring-opening polymerization 

Brooks A. Abel1, brooks.abel@berkeley.edu, Rachel Snyder2, Geoffrey W. Coates3. (1) 
Department of Chemistry, University of California Berkeley, Berkeley, California, United 
States (2) DuPont de Nemours Inc, Wilmington, Delaware, United States (3) Department of 
Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United States  

Chemical recycling of polymers to monomer (CRM) is one of the most attractive methods to 
retain value in polymer materials during the recycling process. Polymers with low to moderate 
ceiling temperatures (Tc) are often employed in applications where recycling by 
depolymerization is desired. Polyacetals are a promising class of chemically recyclable 
polymers that exhibit a wide range of ceiling temperatures and mechanical properties that 
depend upon monomer structure. However, current catalyst systems for polyacetal synthesis 
are uncontrolled and produce polymers with low molecular weights, reducing the mechanical 
integrity of these materials and limiting their practical use. Furthermore, polyacetals produced 
by these systems often possess low thermal stabilities due to the presence of residual 
catalyst. To access well-defined high molecular weight polyacetals, we have developed a 
highly selective catalyst system that facilitates the controlled cationic ring-opening 
polymerization (CROP) of cyclic acetal monomers. High molecular weight polyacetals were 
synthesized at room temperature and possessed high thermal stability (Td > 300 °C) in the 
absence of catalyst. Additionally, select polyacetals exhibit mechanical properties that rival 
those of polyolefins and can be selectively depolymerized from complex mixtures of plastic 
waste back to pure monomer at moderate temperatures using a separate depolymerization 
catalyst. The use of distinct polymerization and depolymerization catalysts allows for both 
synthesis and depolymerization of polyacetals under mild conditions, affording a practical 
method towards the catalytic conversion of polyacetals back to value-retained monomers. 
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Stimuli-responsive nanostructured materials through photopolymerization in lyotropic 
liquid crystal templates 

Allan Guymon, Allan-Guymon@uiowa.edu. Chemical and Biochemical Engineering, 
University of Iowa, Iowa City, Iowa, United States  

Photopolymerization has taken an increasing prominent role as a tool in providing unique 
stimuli-responsive characteristics to a wide array of advanced materials. The inherent spatial 
and temporal control allow great ability to tailor processing conditions and change ultimate 
properties. Based on work initiated at the University of Southern Mississippi, this presentation 
will focus on generating nanostructure in organic polymers through photocuring in self-
assembling lyotropic liquid crystals (LLC) as polymerization templates to direct polymer 
morphology. The LLC templating process allows generation of unique kinetic and mechanical 
properties including stimuli-responsive with faster response and higher stability. The water- 
and oil-soluble domains inherent in the liquid crystal phase serve as a platform to segregate 
monomers into ordered geometries based on polarity. The rapid polymerization kinetics of 
photopolymerization are then utilized to trap and thereby template the LLC structure. Many 
useful property relationships are observed in the resulting nanostructured polymer systems 
such as concurrent increases in mechanical strength and swelling as well as increased solute 
release rates that are not observed in traditional polymer systems. Interestingly, the structure 
has a profound impact on stimuli-responsive properties of poly(N-isopropylacrylamide) with a 
two-fold increase in equilibrium water content and over two orders of magnitude decrease in 
deswelling time without compromising the strength of the material. Additonally, the templates 
serve as a platform to compatibilize monomers of much different chemistries to form 
nanophase separated composites. These same principles allow formation of temperature 
sensitive super absorbent materials that show promise in water remediation and forward 
osmosis applications. 

 
Lyotropic Liquid Crystal Templating Using Photopolymerization to Form Nanostructured Polymers 
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Benzoxazine polymer continuous reactors 

Jeffrey S. Wiggins, jeffrey.wiggins@usm.edu, Levi J. Hamernik, joseph S. Murphy. 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Pioneering high-shear continuous polymerization reactor engineering developed in the 
School of Polymer Science and Engineering at the University of Southern Mississippi 
demonstrates a library of benzoxazine monomers and prepolymer alloys from high-purity 
monofunctional and multifunctional precursors using a one-step synthetic method. Our 
approach validates the simultaneous synthesis of multiple benzoxazine monomers to yield 
disrupted crystallinity and create complex formulations with improved processability. Methyl 
substituted aniline and phenol derivative benzoxazine monomers of varying functionalities are 
co-synthesized via the solvent-free CHSR process with desirable prepolymer rheology and 
cured network thermomechanical properties for composite matrix polymers in <60 seconds 
reactor time from monomer to finished prepolymer. To illustrate the utility of the CHSR 
processes, multifunctional benzoxazine monomers are simultaneously co-synthesized to 
create viscosity modified complex prepolymers. The chemical structures and purity are 
confirmed via proton nuclear magnetic resonance spectroscopy. Differential scanning 
calorimetry and non-isothermal rheology elucidate thermal transitions, as well as the 
copolymerization and gelation behavior of both monomer alloys and complex prepolymers. 
Dynamic mechanical analysis is employed to quantify Tg and storage modulus of the 
resulting polybenzoxazine networks. Thermogravimetric analysis quantifies the thermal 
stability and inert char yield of the various networks. Further demonstration will review how 
the CHSR is employed for the rapid advancement of specific desirable new high-char based 
benzoxazines — illustrating how alloys and simultaneously synthesized complex prepolymers 
can be leveraged to optimize rheological behavior for processability, while retaining Tg over 
350C, and inert char yield in excess of 60% at 900C. Our presentation culminates with the 
future direction of our research for 100% benzoxazine prepolymers to create room-
temperature tacky films for unidirectional carbon fiber prepreg tapes. 

 

Benzoxazine monomer  
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History of the International Waterborne, High-Solids, and Powder Coatings Symposium 

Robson F. Storey, robson.storey@usm.edu. School of Polymer Science and Engineering, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

The International Waterborne, High-Solids, and Powder Coatings Symposium has been 
hosted annually in New Orleans, Louisiana, since 1973, by the School of Polymer Science 
and Engineering (SPSE) at The University of Southern Mississippi (USM). It was founded by 
three faculty members in the Department of Polymer Science at USM: Professors Shelby 
Thames, George Bufkin, and Gary Wildman. It is currently chaired by Professors Robson 
Storey and James Rawlins. The name of the Symposium reflects its focus, which is the 
science and technology of environmentally friendly coatings, specifically those that emit little 
or no volatile organic compounds (VOC). The abbreviated name “The Waterborne 
Symposium” has often been used for advertising/branding purposes. A number of important 
technologies have debuted at the Symposium including, supercritical fluid spray technology, 
emulsion polymerization technologies affording better latex particle size and size distribution 
and superior latex particle morphological control, surfactant technologies that have enabled 
new water reducible vehicles and improved stabilization of existing vehicles, and 
thermosetting latex technologies such as vegetable oil macromonomer. Proceeds from the 
Symposium are used for various elements of academic program development within SPSE, 
including junior faculty development, graduate student stipends, equipment acquisition and 
maintenance, and most especially, scholarships for undergraduate students majoring in 
Polymer Science and Engineering. These scholarships are a key element to recruiting and 
retention of high achieving students into the School of Polymer Science and Engineering. 

 
"Waterdrop" logo of the International Waterborne, High-Solids, and Powder Coatings Symposium. 
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History, impact, and scientific observations: A briefing on the Mississippi Polymer 
Institute 

Monica Tisack1,2, monica.tisack@usm.edu. (1) The Mississippi Polymer Institute, University 
of Southern Mississippi, Research and Economic Development, Hattiesburg, Mississippi, 
United States (2) NIST Manufacturing Extension Partnership, Hattiesburg, Mississippi, United 
States  

In 2022, The Mississippi Polymer Institute (MPI) will have served the scientific community for 
29 years. It is the non-profit industrial outreach arm of The University of Southern Mississippi 
that fosters technically oriented business growth. Since being created at the USM School of 
Polymer Science and Engineering in 1982, our materials knowledge has been helping 
companies solve problems. Examples include creating new products, determining root cause 
of customer complaints, and/or anything in between. MPI has a proven track record in 
enabling new business, enabling workforces, and increasing efficiency of manufacturing 
processes. Customers’ top and bottom-lines directly benefit from MPI’s dedicated and skilled 
staff, facilities, flexible business arrangements, and networked ecosystem. MPI projects have 
led to hundreds of millions of dollars of economic impact and thousands of new or retained 
jobs. 

Innovators and businesses at all levels of business maturity will walk away with a broad view 
of resources and opportunities available at The Mississippi Polymer Institute and within its 
ecosystem. 

 
The Innovation and Commercialization Park, University of Southern Missississippi, Hattiesburg, MS 

 
www.thepolymerinstitute.com  
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Structure and dynamics of polyamide selective layers in reverse osmosis membranes 

Ryan C. Nieuwendaal1, Velencia J. Witherspoon1, Madhusudan Tyagi2, Peter A. Beaucage1, 
Jeffrey D. Wilbur3, Christopher L. Soles1, Christopher M. Stafford1, chris.stafford@nist.gov. 
(1) Materials Science and Engineering Division, National Institute of Standards and 
Technology, Gaithersburg, Maryland, United States (2) NIST Center for Neutron Research, 
National Institute of Standards and Technology, Gaithersburg, Maryland, United States (3) 
DuPont de Nemours Inc Water Solutions, Wilmington, Delaware, United States  

The state-of-the-art membranes for desalination are comprised of a thin film composite 
geometry where the permselective layer is a thin but highly crosslinked, interfacially 
polymerized polyamide. The rapid polymerization rate and reaction conditions produce 
extremely thin films with rough surface structures and chemical heterogeneity. Here, we 
conducted advanced measurements of composition, morphology, and dynamics of this 
interfacially polymerized polyamide layer, which enabled us to establish robust relationships 
between the chemical structure, water/ion transport, and water filtration performance of these 
membranes. Specifically, we used solid-state nuclear magnetic resonance (NMR) 
spectroscopy to establish the chemical composition of a series of polyamide membranes with 
varying monomer compositions, allowing acid:amine monomer ratios to be determined. We 
also employed quasielastic neutron scattering (QENS) to probe the dynamics of the polymer 
membrane as well as the local water motions within the membranes. Intriguingly, the 
observed local- and global diffusion of water inside the membrane are quite different. Finally, 
structural characterization of these samples via grazing incidence wide angle x-ray scattering 
(GI-WAXS) provided insight into the local packing efficiency of these membranes, and we 
correlated the packing efficiency to the compositional and membrane performance data. 
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Narrow bandgap conjugated polymers with strong correlations and open-shell 
electronic structures: towards new phenomena and emergent technologies 

Jason D. Azoulay, jason.azoulay@usm.edu, Naresh Eedugurala, Kevin Mayer, Michael 
Steelman. School of Polymer Science and Engineering, University of Southern Mississippi, 
Hattiesburg, Mississippi, United States  

For over forty years, conjugated polymers (CPs) have been a source of enormous 
fundamental breakthroughs, enabling foundational insight into the nature of π-bonding and 
electron pairing, the creation of novel optoelectronic functionalities, and the development of 
commercially relevant technologies. Despite the achievement of significant technological 
milestones, the complex structural and energetic heterogeneities that define these materials 
preclude bandgap control at low energies, tailored interactions with infrared (IR) light, the 
study of fundamental physical phenomena, and the design and realization of new device 
functionalities. To address these modern challenges, we developed precision synthetic 
methods that enable control of the frontier orbital energetics, coplanarity of the conjugated 
backbone, intermolecular interactions, and many chemical, electronic, and structural features 
that affect electronic coherence within these π-conjugated macromolecules and enable 
unprecedented levels of bandgap control from 1 → 0.1 eV. We discovered that narrow 
bandgaps afforded through extended π-conjugation are intimately related to the coexistence 
of nearly degenerate electronic states. Through articulating novel mechanisms of spin 
alignment, topology control, and exchange, we have enabled the synthesis of neutral CPs 
with ground states that span the entire range from “conventional” closed-shell structures, to 
biradicaloids with varying degrees of open-shell character, to diradicals in both singlet (S = 0) 
and triplet (S = 1) spin-states. These materials exhibit weaker intramolecular electron-
electron pairing and stronger electronic correlations than their closed-shell counterparts, 
which imparts novel phenomena not previously measured in soft-matter (polymer) systems. 
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Direct measurement of polymer chain conformations through end-to-end FRET 

Zhe Qiang, zhe.qiang@usm.edu, Sara Valdez, Yuming Wang. School of Polymer Science 
and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

The conformation of polymer chains can dictate material properties and are usually 
determined by scattering-based techniques. While effective, they can only provide 
information in reciprocal space, which requires accurate model selection for data fitting. To 
complement with these characterization methods, this work develops a fluorescence-based 
approach to determine the end-to-end distances of polymer chains in real-space using 
Förster resonance energy transfer (FRET). FRET is a method that has been often used in the 
field of biology for measuring the distance between two species at a nanometer length scale 
through determining the energy transfer efficiency between a donor fluorophore and an 
acceptor molecule that are in close proximity. However, its efficient use in polymer science is 
still in infancy. By labeling donor and acceptor molecules on different polymer chain ends 
respectively, FRET enables direct measurement of the averaged polymer chain end-to-end 
distances at high spatial (nm) and temporal resolutions (~s). We will discuss how to establish 
a synthetic platform to streamline the preparation of donor, acceptor-labeled polymers and 
how to use this end-to-end FRET technique for investigating chain dimensions as a function 
of solvent quality for polymer chains with different molecular weights. This talk will also cover 
how we extend this characterization platform to understand polymer thin film confinement 
effects on microscopic chain structures, which provides an important mechanism for their 
material property deviation compared to the bulk state. 
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Thin-film mechanics for stretchable electronic devices 

Xiaodan Gu, Xiaodan.gu@usm.edu. Polymer Science and Engineering, University of 
Southern Mississippi, Hattiesburg, Mississippi, United States  

In this talk, I will discuss our effort to develop new thin-film characterization tools for wearable 
electronics. I will discuss thin film mechanics for both floated on the water surface and 
freestanding. Additionally, I will discuss our work on fracture energy of the thin film samples. I 
will end my talk by discussing the design rule enabled by our characterization tool for 
wearable electronics. 
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A Long Journey in the Hub City: From Biodegradable Polymers to Polymer Membranes 
and Polymer Composites 

Moustafa M. Zagho2, Daniel W. Weller2, Vivek Vasagar2, Mariam Al-Maadeed1,4, Majeda 
Khraisheh3, Xiaodan Gu2, Sergei Nazarenko2, Mohamed K. Hassan1, 
mohamed.hassan@qu.edu.qa. (1) Center for Advanced Materials, Qatar University, Doha, 
Ad Dawhah, Qatar (2) School of Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States (3) Department of Chemical Engineering, 
Qatar University, Doha, Ad Dawhah, Qatar (4) Materials Science & Technology Program, 
Qatar University, Doha, Ad Dawhah, Qatar  

The department of Polymer Science and Engineering at Southern Mississippi (USM) has 
been consistently ranked among the nation's top 10 by the U.S. News & World Report. This 
made me to be very enthusiastic to join this world-class institution as a postdoctoral fellow 
after finishing my PhD at the University of Cincinnati in 2004. Throughout my 10 years 
journey at USM, I worked in multiple research areas including marine degradable polymers, 
polymer membranes and polymer composites for aerospace engineering. 

The collaboration with USM sustained after I left to Qatar University in 2014. With funding 
from the Qatar National Research Funds (QNRF) totalling 1.2M USD, I was able to expand 
this resilient relationship in the areas of CO2 separation membranes, with Prof. Sergei 
Nazarenko’ group, and porous block copolymer membranes for advanced oil/water 
separation in the oil & gas industry, with Dr. Xiaodan Gu’ group. 
This presentation will highlight some of the work created and the memories made during my 
long journey in Hattiesburg as well as the existing collaboration with some of the groups 
there. 

 
CO2/N2 Separation upper bound performance for the polyethylene glycol (PEG) based elastomeric 
membranes at different PEG content. 
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Morphology-Property Relationships in Ion-Containing Polymers 

Robert B. Moore, rbmoore3@vt.edu. Chemistry, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States  

Ion-containing polymers, specifically semi-crystalline ionomers, exhibit a complex morphology 
stemming from the aggregation of covalently linked ionic functionality within a semi-crystalline 
matrix. By controlling the electrostatic interactions between ion-pairs and the conditions 
needed to order the crystallizable component, a wealth of technologically important properties 
may be developed. Recent findings from the ion-containing polymer membrane community 
have taught us the importance of controlled sequencing of ionic groups along polymer chains 
in the development of ordered polar domains for enhanced transport properties. When 
compared on an equal ion content basis, a blocked arrangement of ionic groups along 
polymer chains tends to produce more ordered nano-phase-separated domains while 
preserving the inherent properties of the unfunctionalized homopolymer over that of 
analogous random ionomers. Inspired by these demonstrated enhancements, we have 
begun to explore the impact of variable post-polymerization sulfonation reactions on the 
spatial distribution of functional groups in ionomers. Recently, we have discovered a non-
functionalizing solvent for PEEK that allows for a homogeneous sulfonation reaction. 
Surprisingly, this new solvent also allows for the formation of a thermo-reversible gel. 
Following a method we previously developed to sulfonate syndiotactic polystyrene (sPS) in 
the gel state, we are now able to prepare a blocky form of sulfonated PEEK (SPEEK) that 
has a high degree of sulfonation and a high degree of crystallinity. 
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Don’t worry - The next 50 years will be just as exciting 

Tristan Clemons, tristan.clemons@usm.edu. School of Polymer Science and Engineering, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

As the newest Assistant Professor on faculty, I am tasked with the challenge of maintaining 
the highest levels of student training and research that has resulted in the University of 
Southern Mississippi’s (USM) Polymer Science and Engineering program to be regarded as 
one of the best in the country, a mantle it has held for the past half a century. The effort, grit 
and leadership shown by those before me to build this program is a remarkable achievement 
and I am humbled to be able to share in celebrating this significant milestone with the 
program. With a clear ‘changing of the guard’ within Polymer Science at USM in recent years, 
I am both inspired by the legacy left by my predecessors and motivated about what the future 
holds in taking this program forward. I will provide a presentation which highlights some of the 
recent achievements from the Clemons Laboratory, while also providing an insight into some 
aspects of what the future of Polymer Science and Engineering at USM will involve. 
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Understanding the mechanism and efficacy of metal 3-(dibutylamino) propionates as 
flame retardant additives for epoxy-amine networks 

Karina J. Reynolds, kjgreynolds@me.com, Ryan A. Richardson, Nicholas S. Currie, Robert 
Y. Lochhead, Sergei Nazarenko. Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States  

With the use of polymeric materials in a wide range of applications, from electrical insulation 
to paneling for transportation, the issue of inherent flammability must be addressed. 
However, many flame retardant additives have come under scrutiny due to the carcinogenic 
or endocrine disrupting properties, forcing legislation to be created ruling out many classes of 
these highly necessary polymer additives. To combat this, a new class of nontoxic and 
environmentally friendly flame retardant additives is needed, and while many have 
researched the use of biocompatible additives, we believe the future lies in metal organic 
salts. Similar to their less effective metal hydroxide counterparts, we hypothesize that metal 
organic salts form a continuous metal oxide char layer, which is highly effective at cutting off 
oxygen from the polymeric fuel source. Specifically for epoxy-amines, a class of metal 
organic salts based on (dibutylamino)propionates has been synthesized. The mechanism of 
flame retardant action for these salts was investigated via TGA and XPS, where it was found 
that these salts thermally degrade to their metal oxide, requiring no oxygen to be present for 
successful flammability prevention. The efficacy of various metals was tested against an 
industry standard brominated additive and magnesium hydroxide via cone calorimetry. There 
is a strong dependence on metal choice for the reduction of heat release rate and smoke 
production, with the zinc additive reducing smoke production and heat release rate most 
effectively. 

 
(Top left) TGA curves showing difference in degradation profiles in different atmospheres, (top right) 
heat release rate versus time curves for each metal (dibutylamino) propionate tested, and (bottom) each 
of the in house made metal acrylate precursors. 

  



~ 22 ~ 
 

SPRING 2022, ACS NATIONAL MEETING – POLY GRAPHICAL ABSTRACT 

Comparative Study of Hydrogen Bond Organization Between three generations of 
dendrimers based on bis-MPA 

Samantha Daymon1, sdaymon@hotmail.com, Beibei Chen1, Oluwapelumi Kareem2, Brian 
Olson1, Scott M. Grayson2, Sergei Nazarenko1. (1) Polymer Science and Engineering, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States (2) Tulane 
University, New Orleans, Louisiana, United States  

The physical properties of hyperbranched polymers (HBPs) based on 2,2-bis(hydroxymethyl) 
propionic acid (bis-MPA), a monomer with a high concentration of hydroxyl groups, have 
been widely studied for their propensity to form hydrogen bonds (H-bonds). Similar studies 
and characterization have not yet been extended to bis-MPA based dendrimers due to the 
added synthetic efforts required. Despite these additional efforts, filling this intellectual gap is 
crucial to understanding the effects Hbonds have on the physical properties of these 
systems. Herein, hydrogen bond organization and interrelated structural order formation of a 
bis-MPA based dendrimers of the first through third generation (D1-3) were investigated via 
NMR, FTIR and WAXS. Hbond associations were found to decrease in strength as 
generation number increased (D1>D2>D3), while simultaneously, D2 showed the highest 
propensity for OH-OH Hbonds as opposed to OH-CO Hbonds. Since hydroxyls are capable 
of participating in either a donor or acceptor role, OH-OH Hbonds are capable of forming 
‘chain-like’ associations of multiple Hbonds, carbonyls on the other hand are only capable of 
filling an acceptor role, limiting them to a single Hbond association. Molecular dynamics (MD) 
simulations were also used to predict the WAXS spectra and reveal these ‘chain-like’ 
associations of H-bonds. Dendrimers make a good candidate for simulations due to their 
uniform molecular distributions and lack of entanglements. Overall, computational results for 
these systems agree well with experimental data previously obtained for density and WAXS 
validating these systems. 
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Investigating the crystallization kinetics of PA66/ 6I6T blends using integrated fast 
scanning calorimetry chip system 

Xiaoshi Zhang1, xz12e@my.fsu.edu, Evan Quinn1, John F. Buzinkai2, Alicyn M. Rhoades1. 
(1) Plastics Engineering Technology, Penn State Erie The Behrend College, Erie, 
Pennsylvania, United States (2) INVISTA, Wichita, Kansas, United States  

PA66 is an important engineering plastic in our daily life due to its efficacious properties. In 
order to expand the potential applications of this polymer, two different molecular weight 6I6T 
copolymers were melt-blended with PA66 to modify its crystallization kinetics. The 
crystallization kinetics of the PA66 6I6T blends in a wide-temperature range were studied 
using fast scanning calorimetry (FSC). It has been discovered that the crystallization kinetics 
of both blends are prone to slow down considerably the higher the 6I6T concentration 
becomes in both series. In one of the blend series that uses a higher mw 6I6T copolymer, the 
bimodal kinetics of PA66 tend to shift to unimodal crystallization kinetics as the concentration 
of 6I6T increases. Unlike its counterpart, the lower mw blend has bimodal kinetics that 
remains consistent for the duration of the entire series. An integrated fast scanning 
calorimetry chip system was utilized throughout this experiment to perform repeatable non-
damaging Fourier-transform infrared spectroscopy (FTIR), and atomic force microscope 
(AFM) characterization to examine possible polymorphism transition and morphology change. 
The reasons that lead to the changes in crystallization kinetics of PA66 and its blends will be 
further discussed. 

 

 
Temperature-dependent micro FTIR spectra and AFM micrographs of PA66/6I6T 90/10 blend. 
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Morphology of mechanophore containing phase separated polyisobutylene-
polystyrene copolymers 

Kyle D. Mehringer1, kyle.mehringer@usm.edu, Brad Davis1, Lisa K. Kemp1, Robson F. 
Storey1, Yoan C. Simon1, Travis L. Thornell2, Sarah E. Morgan1. (1) School of Polymer 
Science and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United 
States (2) Engineer Research and Development Center (ERDC), US Army Corps of 
Engineers Mississippi Valley Division, Vicksburg, Mississippi, United States  

Material response to high shear impact is often complex with a combination of failure 
mechanisms and deformation modes resulting in damage that is unpredictable. Polymeric 
coatings have received attention for these applications due to their rate-dependent 
viscoelastic behavior, potential to incorporate self-healing properties, and ability to retrofit 
existing structures. While a significant amount of research has been devoted to 
understanding the behavior of traditional materials such as metals and ceramics under high-
speed impact, the behavior of polymeric materials, particularly phase separated materials, is 
less understood. The goal of this project is to determine the influence of polymer architecture 
and morphology on high shear rate impact response in phase separated polyisobutylene 
(PIB)-polystyrene (PS) copolymers. Specifically, we have prepared linear block and graft 
copolymers and incorporated an anthracene-maleimide mechanophore at the soft 
segment/hard segment interface. Furthermore, we investigated the equilibrium morphologies 
after thermal and solvent annealing through AFM and SAXS. 
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Synthesis and characterization of glycopolymer copolymer mimics of chitosan 

Toby R. Edwards1, tobye55555@gmail.com, Jacob Cross1, Lisa K. Kemp1, John K. 
Newman2, Sarah E. Morgan1. (1) Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States (2) U.S. Army Engineer Research and 
Development Center, Vicksburg, Mississippi, United States  

Chitosan is naturally derived and has intriguing antibacterial, antimicrobial, polycationic, and 
film forming properties that provide a strong basis for materials development across many 
industries. However, the use of chitosan for most applications is limited due to batch-to-batch 
variability and its inherent brittleness. One approach to improving the versatility of chitosan-
based materials is through the addition of fillers that can provide property improvements. 
Conflicting results have appeared in literature, and we attribute much of the discrepancies to 
lack of consistency in both the chitosan and the filler materials. In this work we demonstrate a 
new pathway to create synthetic models of chitosan using reversible addition fragmentation 
chain transfer (RAFT) polymerization for use in future studies of chitosan filler interactions. 
Our models utilize copolymerization of methyl 6-methacryloyl-b-D-glucosaminoside to model 
the hydrophilic glucosamine units of chitosan and methyl methacrylate as the hydrophobic 
model of N-acetyl glucosamine. Copolymers were characterized using 1H and 13C NMR 
spectroscopy, DSC, and contact angle measurements. 
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Nanomechanical and self-assembly properties of de novo amyloid peptides 

Hannah G. Abernathy1, hannah.george@usm.edu, Jhinuk Saha2, Vijay Rangachari2, Sarah 
E. Morgan1. (1) School of Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States (2) School of Mathematics and Natural 
Sciences and Center for Molecular and Cellular Biosciences, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States  

Amyloids are highly ordered, self-assembled protein aggregates most commonly associated 
with neurological diseases such as Alzheimer’s and Parkinson’s. However, their ability to self-
assemble into highly stable aggregates or fibrils has been shown to enhance cellular 
functions such as cell growth, bio-adhesion, and mechanical strength in various organisms. 
The structural variety and robust mechanical properties of amyloid proteins make them 
attractive for biomaterial synthesis. The self-assembly of synthetic amyloid proteins was 
investigated under varying environmental conditions, and the morphology and nano-
mechanical properties were characterized using atomic force microscopy (AFM) in 
quantitative nanomechanical mapping (QNM) mode. Protein self-assembly kinetics and 
adhesive properties were probed using quartz crystal microbalance with dissipation 
monitoring (QCM-D). 
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Tailoring filler localization in microwave-absorbing waterborne polyurethane 
dispersion composites 

Garrett A. Abrahamsen1, Garrett.abrahamsen@usm.edu, Lisa Kemp1, Dane Wedgeworth2, 
Steven R. Price2, John K. Newman2, Sarah E. Morgan1. (1) School of Polymer Science and 
Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States (2) 
US Army Engineer Research and Development Center Geotechnical and Structures 
Laboratory, Vicksburg, Mississippi, United States  

The demand for microwave absorbing materials (MAMs) is increasing due to their expanded 
use in common devices. In addition to performing their intended function, microwaves can 
penetrate other devices causing malfunctions and electromagnetic pollution. The 
requirements for a standard microwave absorbing material are high electrical conductivity, 
excellent thermal stability, and low density. Polymer composites provide a low density, 
thermally insulating alternative to metal reflectors; however, they require a high concentration 
of conductive fillers to achieve adequate electromagnetic absorption. One of the most rapidly 
growing branches of MAMs is waterborne polyurethane dispersion (PUD) composites due to 
their tailorable water resistance, physical and chemical properties, weathering resistance, film 
morphology, and volatile organic compound (VOC) content. In this work, the influence of 
structure, morphology, dispersion, and orientation of dispersed conductive and magnetic 
materials on the microwave absorption properties of composite PUD films was evaluated. 
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Design, synthesis, and characterization of linear glycopolymer-dendron conjugates 

Kevin A. Green1, kevingreen@usm.edu, Mahesh Loku Yaddehige2, Davita L. Watkins2, Lisa 
Kemp1, Sarah E. Morgan1. (1) Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States (2) Chemistry and Biochemistry, 
University of Mississippi, University Park, Mississippi, United States  

The self-assembly of highly branched Janus dendrimers (JD) into Janus dendrimersomes 
(JDS) comprised of a hydrophilic/hydrophobic bilayer has shown promise for drug 
encapsulation and delivery. However, at higher concentrations and degrees of generation, 
the hydrophilic portions of traditional JDs have proved to be cytotoxic. JDs decorated with 
saccharide groups have been shown to self-assemble and form non-toxic Janus glyco-
dendrimersomes (JGDS); thus, improving biocompatibility. Due to distinct peptide/polymer 
hydrogen bonding interactions, saccharide stereochemistry plays an essential role in 
carbohydrate functions such as biological recognition, protein binding, and peptide 
aggregation pathways. The utilization of glycopolymers amplifies the ability of the hydrophilic 
segments to hydrogen bond, potentially enhancing the self-assembly of the JGDS. 
Additionally, stereospecific arrangements of the pendant saccharide groups may be used for 
cell targeting, lectin-specific binding in the body, and to mimic the biological glyco-clustering 
effect. Here, linear glycopolymers were synthesized through reversible addition-fragmentation 
chain transfer (RAFT) and coupled to polylactic acid (PLA) branched dendrons. Coupled 
conjugates were characterized through nuclear magnetic resonance (NMR), gel permeation 
chromatography (GPC), dynamic light scattering (DLS), and atomic force microscopy (AFM). 
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Self-assembly of amphiphilic zwitterionic coatings: Solution to thin film 

Surabhi Jha1, surabhi.jha@usm.edu, Jaylen A. Davis1, Zari Anderson2, Derek L. Patton1. (1) 
Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, 
Mississippi, United States (2) Science, Engineering and Technology, Jackson State 
University, Jackson, Mississippi, United States  

Amphiphilic surfaces with nanoscale segregation of hydrophobic and hydrophilic domains 
have been reported to prevent the attachment of heterogenous foulants. Self-assembly of 
random copolymers has been widely reported, albeit to a lesser extent than block 
copolymers. In this study, we hope to translate learnings from self-assembly of random 
copolymers in solution to polymer thin-films to create nanophase separated films. A library of 
random copolymers with a methacrylate backbone was synthesized via free radical 
polymerization with varying hydrophilic/hydrophobic balance. Zwitterionic phosphorylcholine 
was employed for the functionality of the hydrophilic domain, which also serves as an 
antifouling group. Alkylated and fluorinated side chains were employed as the hydrophobic 
functionality. A UV-active crosslinking comonomer, benzophenone methacrylate, was 
employed to ensure the stability of films in aqueous media. The films were subjected to 
differing temperatures and solvents and their self-assembly behavior was characterized via 
atomic force microscopy (AFM) and transmission electron microscopy (TEM). Antifouling 
behavior was quantified via protein adsorption experiments. 
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Investigation of benzoxazine vitrimers based on dynamic transesterification exchange 

Jaylen A. Davis, w946628@usm.edu, Reese Sloan, Derek L. Patton. Polymer Science and 
Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

With the ever-increasing issue of plastic waste production, a greener approach to synthetic 
processes and increased sustainability in plastic materials remains a high demand. 
Thermosets, which find broad uses in applications such as coatings, adhesives, and 
aerospace composites account for 20% of global plastics production, are particularly 
problematic in this context, as covalent crosslinks within the material serve both as a source 
of high-performance stability during use and as a barrier to conventional recycling after use. 
Therefore, our efforts focused on the incorporation of the dynamic covalent chemistry, 
transesterification, into high performance thermoset polybenzoxazines, which allows these 
materials to undergo reprocessing and self-healing. This investigation highlights the synthesis 
of novel benzoxazine monomers capable of forming vitrimeric networks and the structure 
property relationships based on monomer design flexibility. 

In this work, benzoxazine monomers were synthesized using bio-derived phenolic acids 
coupled with alcohols to yield ester-containing benzoxazine monomers. The structure of the 
monomers was confirmed by 1H NMR, 13C NMR, and FTIR. Thermal stability and cure 
temperatures of the monomers were investigated using thermogravimetric analysis and 
differential scanning calorimetry, which revealed low curing temperatures (180 °C) compared 
to traditional polybenzoxazine networks. The resulting polybenzoxazine networks exhibited a 
relatively high Tg, (> 80 °C). Due to the inherent tertiary amines of the benzoxazine structure 
and neighboring ester-alcohol moieties, these materials undergo transesterification reactions 
driven by internal catalysis. The vitrimeric behavior of the polybenzoxazines was studied by 
conducting rheological stress-relaxation experiments, which revealed fast relaxation times of 
129 s at 190 °C. The reprocessability of these materials were confirmed via repeated 
pulverization and melt pressing procedures. 

 

 
Scheme 1. Project overview - design of reprocessable polybenzoxazines based on internally catalyzed 
transesterification. 
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Upcycling structured plastic waste into highly functional carbon nanofibers 

Mark Robertson, mark.robertson@usm.edu, Alejandro Guillen-Obando, Zhe Qiang. Polymer 
Science and Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United 
States  

Disposable masks have been produced at unprecedented amounts throughout the COVID-19 
pandemic. Their increased use imposes significant stress on current waste management 
practices including landfilling and incineration. This results in very large volumes of discarded 
masks entering the environment as pollutants, and alternative methods of waste 
management are required to mitigate the negative effects of mask pollution. While current 
recycling methods (e.g. mechanical recycling) can supplement conventional waste 
management, they often result in products with downgraded material properties and a loss of 
value. This work introduces a simple method to upcycle mask waste into highly functional 
carbon nanofibers. The inherent structure of the polypropylene fiber mats that comprise the 
layers of common surgical masks can be directly converted into carbonaceous structures 
through a simple, scalable thermal stabilization process. Our method allows high degrees of 
carbon yield of masks after carbonization. The product exhibits excellent retention of initial 
shape and enhanced material properties, such as electrical conductivity. This process can 
provide a useful alternative solution to conventional waste management by converting 
environmentally harmful mask waste into a new product with enhanced value. 
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Protein-Like Polymers as Proteomimetic Therapeutics 

Nathan C. Gianneschi, nathan.gianneschi@northwestern.edu. Chemistry, Northwestern 
University, Evanston, Illinois, United States  

In this presentation, we will describe the organization of functional peptides as densely 
arrayed sidechains on polymer scaffolds as leading to a new class of proteomimetic material. 
We call these Protein-Like Polymers (PLPs), wherein peptide-brush polymers are composed 
from monomers, each containing a peptide side-chain. Peptides organized in this manner 
imbue polymers with a range of functional qualities inherent to their specific sequence. 
Therefore, polymers otherwise lacking bioactivity, or responsiveness to stimuli, once linked to 
a peptide of choice, can now bind proteins, enter cells and tissues, have controlled and 
switchable biodistribution patterns, and exhibit exceptionally long half lives in circulation 
(weeks). Synergistically with the peptide influencing the polymer, the polymer enforces 
changes in peptide activity and function by virtue of packing and constraining the peptide. For 
example, the scaffold can protect the peptide from proteolysis, change the pharmacokinetic 
profile of an intravenously injected peptide, increase the cellular uptake of an otherwise cell 
impermeable therapeutic peptide, or change peptide biological activity entirely. Moreover, in 
addition to the sequence-controlled peptides (generated by solid phase synthesis) the 
polymer can carry its own sequence-dependent information, especially through living 
polymerization strategies allowing well-defined blocks and terminal labels (dyes, contrast 
agents, charged moieties). Hence, the two elements, peptide and polymer, cooperate to yield 
materials with unique function and properties quite apart from each alone. Herein, we 
describe the development of synthetic strategies for accessing this class of biomolecule 
polymer conjugates, discuss their physicochemical and structural properties and will describe 
their utility in a range of settings, including as a new type of therapeutic modality. We will 
highlight some examples of biomedical applications including by engaging critical intracellular 
protein-protein interactions driving neurodegenerative disease and cancer. 
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Entropy-driven supramolecular biomaterials enabling innovations in drug delivery 

Eric A. Appel, eappel@stanford.edu. Materials Science & Engineering, Stanford University, 
Stanford, California, United States  

Supramolecular biomaterials exploiting rationally-designed non-covalent interactions exhibit 
many distinct properties that enable innovative approaches to drug delivery. For example, 
supramolecular interactions can be used to generate dynamically cross-linking polymer 
networks, yielding shear-thinning and self-healing hydrogels that exhibit viscoelastic 
mechanical properties similar to biological tissues and flow properties enabling minimally 
invasive implantation in the body though direct injection or catheter delivery. In this talk we 
will discuss the preparation, characterization and application of a class of physical hydrogels 
generated by non-covalent interactions between modified biopolymers (BPs) and 
nanoparticles (NPs). Owing to the dynamic, non-covalent interactions between the NPs and 
BPs, the hydrogels flow under applied stress and their mechanical properties recover 
completely within seconds when the stress is relaxed, demonstrating the shear-thinning and 
injectable nature of the materials. Moreover, these interactions have been shown to be 
entropically driven, causing these materials to elicit alternative temperature-dependent 
mechanical properties than those typically observed in physical hydrogels. Further, the 
hierarchical construction of these biphasic hydrogels allows for multiple therapeutic 
compounds to be entrapped simultaneously and delivered with identical release profiles, 
regardless of their chemical make-up, over user-defined timeframes ranging from days to 
months. These materials have proven to be particularly promising as controlled delivery 
technologies in vaccines and cancer immunotherapy - applications where precise release of 
complex mixtures of compounds over prolonged timeframes is crucial. Overall, this 
presentation will demonstrate the utility of a supramolecular approach to the design of 
biomaterials affording unique opportunities in the controlled delivery of therapeutics. 
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Polypeptide based hydrogels as 3D printable matrices 

Robert Murphy1,2, robmur928@gmail.com, Ronnie V. Garcia2, Andreas Heise1, Craig J. 
Hawker2. (1) Royal College of Surgeons in Ireland, Dublin, Ireland (2) Materials, University of 
California Santa Barbara, Santa Barbara, California, United States  

The use of three-dimensional (3D) printing for structural fabrication of hydrogels has attracted 
great research interest in the biomedical field. In particular, the use of ‘bio-inks’ to create 
living tissue mimics or ‘bio-devices’ has been explored with a number of naturally derived 
polymer sources. Although functional, they suffer from batch to batch variation, generally 
need to be synthetically modified and possess poor tunability in terms of ‘built in’ 
physicochemical and mechanical properties. Herein we describe polypeptide hydrogels 
rationally designed as feedstock materials for 3D printing. Taking advantage of integrated 
light-responsive functionalities, chemical crosslinks can be introduced on-demand that 
modulate mechanical properties. Formed hydrogels can be readily deposited into stable 
geometric shapes using 3D printing and show potential as alternative bio-ink or bio-resin 
sources to create living 3D constructs. 
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Design of bio(mimetic) polymers using automation driven by active machine learning 

Rahul Upadhya, Adam J. Gormley, adam.gormley@rutgers.edu. Biomedical Engineering, 
Rutgers The State University of New Jersey, New Brunswick, New Jersey, United States  

From protein science, it is well understood that ordered folding and 3D structure mainly arises 
from balanced and noncovalent polar and nonpolar interactions, such as hydrogen bonding. 
Similarly, it is understood that single-chain polymer nanoparticles (SCNPs) will also compact 
and become more rigid with greater hydrophobicity and intrachain hydrogen bonding. Here, 
we couple automated combinatorial polymer chemistry, high throughput small-angle X-ray 
scattering (SAXS), high throughput dynamic light scattering (DLS), and machine learning to 
design libraries of SCNPs with protein-like features. Taking this approach, we are able to 
identify copolymers that exhibited compactness and flexibility similar to that of bovine serum 
albumin (BSA). As artificial neural network models do not directly allow for structure-function 
relationship evaluation due to the black box nature of these models, we perform a SHapely 
Additive exPlanations (SHAP) analysis to reveal these relationships. Interestingly, this helps 
identify monomer sets that collaborate to produce compacted and ordered characteristics. 
Continued training of this machine learning model will allow us to design these materials 
without taking a high throughput screening approach. 
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Sequence-Dependent conformation of peptoids 

Erin C. Day, erincd@live.unc.edu, Melissa Yu, Abigail Knight. Chemistry, The University of 
North Carolina at Chapel Hill, Chapel Hill, North Carolina, United States  

Sequence-specificity is critical for native protein structure and function, even among proteins 
that lack a highly ordered structure. While single chain polymeric nanoparticles have been 
widely studied to mimic chain compactness of disordered proteins, they lack sequence 
definition. Sequences can be optimized computationally to have protein-like compactness, 
but it remains challenging to correlate a 1D sequence with its 3D structure without 
experimental characterization. Herein we describe what factors influence hydrophobic 
collapse of macromolecules, specifically peptidomimetic peptoids consisting of a hydrophobic 
and a polar monomer. After split-and-pool synthesis of a library, the hydrophobic 
microenvironment of the peptoids is screened via a solvatochromic dye and subsequent 
sequence identification by tandem mass spectrometry. From each sequence, hydrophobic 
composition, blockiness, and sequence pattern are quantified. Efficacy of the immobilized 
screen is confirmed for select sequences by solution phase characterization. Understanding 
the variables (e.g. patterning) that lead a macromolecule to have protein-mimetic 
hydrophobic pockets will be beneficial for future work developing aqueous receptors. 
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Peptide stereocomplexes as biomimetic, supramolecular cross-links in polymer 
hydrogels 

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

Stereochemistry-driven complexation, or ‘stereocomplexation’ of macromolecules produces 
marked changes in stability and thermomechanical properties of materials. For instance, 
whereas poly(d-lactide) and poly(l-lactide) melt at 180 C, the melting temperature of their 
blends is nearly 50 C higher. In the context of biomaterials, we see tremendous potential of 
stereochemistry-driven interactions between d- and l-peptides to modulate thermal 
properties, mechanics, and proteolytic stability. However, the molecular features conducive to 
peptide stereocomplexation and how these features control materials properties remain 
largely unknown. This talk will describe our lab’s efforts to elucidate how peptide sequence 
impacts stereochemistry-driven gelation of polymer-peptide conjugates. We hypothesized 
that increasing peptide length, hydrophobicity, and electrostatic attraction of complementary 
d- and l-peptides would yield stiffer polymer-peptide conjugate hydrogels due to the formation 
of higher affinity peptide stereocomplex cross-links. To test these hypotheses, we generated 
star-shaped conjugates having either d- or l-peptides appended to the chain ends of 4-arm 
poly(ethylene glycol) (PEG), then blended d-conjugates and l-conjugates and measured the 
rheological properties of the mixtures. Helical peptides of the form (AAXAA)n, where A = 
alanine, X = cationic lysine or anionic glutamic acid, did not facilitate gelation when appended 
to 4-arm PEG, even when using the longest peptides (n = 5) having complementary 
stereochemistry and electrostatic interactions. Introducing hydrophobic leucine (L) residues, 
however, facilitated gelation of polymer-peptide conjugates even in the presence of repulsive 
electrostatic interactions. Merely blending d- and l-conjugates decorated with (LAKLA)4 
peptides produced gels with storage modulus G’ = 20 kPa in seconds, whereas the individual 
conjugates form only 0.1 kPa gels after 24 h. Going forward, we look forward to using peptide 
stereocomplexation to impart a myriad of biomimetic properties to polymer biomaterials for 
tissue engineering, 3D printing, and capture or sensing of natural proteins. 
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Mucin-mimetic polymers for modeling the interactions and dynamics of viruses at the 
mucosal barrier 

Kamil Godula, kgodula@ucsd.edu. Chemistry and Biochemistry, University of California San 
Diego, La Jolla, California, United States  

Membrane-associated mucins protect epithelial cell surfaces against viral infection by serving 
as non-productive decoys that capture infectious agents and clear them from the cell surface 
and by erecting a physical barrier that restricts their access to target receptors on host cells 
(a). However, the mechanisms through which mucins function are still poorly defined due to a 
limited repertoire of tools available for tailoring their structure and composition in living cells 
with molecular precision. This presentation will introduce strategies to model mucins (c) in 
synthetic glycopolymer (c), which can be integrated with glycan array platforms to disect how 
receptor presentations at the mucosal barrier may define the binding specificity of Influenza A 
viruses. When presented at the cell surface, these materials can also be used to evauate the 
dynamics of viral attachement in the crowded mucinous glycocalyx environment. Careful 
examination of viral behavior at the model glycocalyx surfaces using a range of biophysical 
and imaging techniques revealed physical mechanism through which viruses enhance their 
binding to host cells. Our findings indicate that glycan-targeting pathogens may exploit the 
biophysical and biomechanical properties of mucins to overcome the mucosal glycocalyx 
barrier. 
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Facile synthesis of heparan sulfate-mimetic polymers with defined sulfation patterns 

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

Heparan sulfate is an essential class of glycosaminoglycans that plays important roles in a 
variety of biological processes, including protein-protein interaction, brain development, 
cancer metastasis, blood clotting, inflammation, and pathogen recognition of cells. Despite 
the recent advances in the chemical and chemoenzymatic synthesis of native heparan 
sulfates, it remains a sophisticated process to prepare heparan sulfates with defined sulfation 
patterns. In this presentation, I will present a novel approach to sequence-defined heparan 
sulfate mimetic polymers via “clickable dissacharides” monomers. This technique will enable 
facile assembly of heparan sulfate-mimetic main-chain polymers with defined sulfation 
patterns. The investigation of the specific interaction between these sulfated glycomimetic 
polymers and signaling molecules is anticipated to shed light on how sulfation patterns of 
heparan sulfates mediate cell adhesion and signaling, as well as provide affinity reagents for 
heparan sulfate-editing enzymes. 
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Mucin mimics by NCA polymerization 

Jessica Kramer, jessica.kramer@utah.edu, Rachel Detwiler, Zachary S. Clauss. Biomedical 
Engineering, University of Utah, Salt Lake, Utah, United States  

Mucin glycoproteins are the essential component of mucus and the epithelial cellular 
glycocalyx. Mucins are essential for life in creatures from jellyfish to humans and play roles in 
hydration, lubrication, nutrient absorption, and host defense against pathogens. Due to 
complex enzymatic pathways that regulate glycosylation, mucins are heteregeneous which 
complicates study of their function. We have applied polymerization of amino acid N-
carboxyanhydrides to chemically synthesize mucin mimics. Our mimics are tunable in 
structure and bear precisely controlled glycosylation patterns. We have also applied these 
structures in engineered glycocalyx models. 
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Biomimetic polymer zwitterions: merging Nature's structures with synthetic 
functionality 

Todd Emrick, tsemrick@mail.pse.umass.edu. Polymer Science & Engineering Department, 
University of Massachusetts Amherst, Amherst, Massachusetts, United States  

This lecture will describe the synthesis of biomimetic polymers via the efficient merger of 
structural components derived from Nature with high yielding reactive functionality. Specific 
topics to be presented include: 1) the preparation of polymer zwitterions tailored for 
interactions with cell membranes that effectively strengthen the membrane without disrupting 
it; 2) the combination of polymer zwitterions with polyelectrolytes to enhance transfection 
efficiency via targeting mechanisms; and 3) polymer mediation of fluid interfaces as a means 
to mimic in vivo processes advantageously for materials purposes such as self-healing 
mechanisms. 
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Enzymatic oxidative coupling reactions to make protein therapeutics 

Matthew B. Francis, mbfrancis@berkeley.edu. University of California Berkeley, Berkeley, 
California, United States  

The uniquely diverse structures and functions of biomolecules offer many exciting 
opportunities for creating new materials with advanced properties. Using only a limited set of 
side chains and auxiliary groups, they have evolved unparalleled abilities to accelerate 
chemical transformations, facilitate the delivery of genetic cargo to targeted cells, bind 
specific analytes in complex mixtures, transduce energy, and generate elaborate three-
dimensional structures through self-assembly. Over the years, our lab has sought to 
incorporate these capabilities into new materials for use in drug delivery, diagnostic imaging, 
solar energy collection, and water purification. To do this, however, we also needed to 
develop chemical strategies that can functionalize biomolecules with a wide range of 
synthetic functionalities. This presentation will focus on a powerful set of oxidative coupling 
reactions that involve o-quinone and o-iminoquinone intermediates. These species can 
modify proteins with very high chemoselectivity and efficiency, and have been adapted for 
use in a large number of experimental contexts. Newer versions of these reactions involve 
the use of oxidative enzymes that can generate o-quinone intermediates from simple phenols 
and tyrosine residues using molecular oxygen as the stoichiometric oxidant. These mild 
conditions have proven extraordinarily successful for the coupling of full-size protein domains, 
allowing facile access to bispecific cell engagers and other protein therapeutics of 
pharmaceutical interest. They have also been used to attach proteins to a diverse set of 
material components through well-defined linkages. The chemical development of these 
reactions will be presented, along with several examples of new protein bioconjugates that 
have been prepared through their use. 
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Engineering functionality in elastin-like polypeptides by a dual biotechnological and 
chemical approach 

Elisabeth B. Garanger, garanger@enscbp.fr, Bertrand Garbay, Sebastien Lecommandoux. 
LCPO-ENSCBP, Universite de Bordeaux, Talence, Aquitaine, France  

Elastin-like polypeptides (ELPs) are thermo-responsive biopolymers whose primary 
sequence is derived from a natural extracellular matrix protein (elastin). Genetically-
engineered and produced recombinantly in heterologous hosts (typically Escherichia coli 
bacteria to ensure reasonable production yields), they are perfectly monodisperse 
macromolecules. Although powerful to yield ELPs with exact primary structures and lengths, 
protein engineering techniques present however some limitations, in particular lengthy 
bacterial cloning steps and limited chemical diversity due to few possible post-translational 
modifications in E. coli bacteria. We are therefore exploring a dual biotechnological and 
chemical approach, combining recombinant technologies and biosynthesis of ELPs with 
orthogonal bioconjugation techniques to enlarge the diversity of relevant ELP-based 
macromolecules for subsequent self-assembly and biological applications. Chemoselective 
modifications at the thioether side chain of methionine residues are in particular explored to 
access monosaccharide- or lipid-grafted ELPs to access multivalent glycoconjugates and 
amphiphilic lipopolypeptides. Modifications at the N-terminal chain end of ELPs are also 
applied to access bioactive and thermo-responsive diblock copolymers for the design of 
tumor targeting nanoparticles. 
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Biomolecules for non-biological things: polymer construction through peptide 
‘bundlemer’ design and solution assembly 

Darrin J. Pochan, pochan@udel.edu. Materials Science and Engineering, University of 
Delaware, Newark, Delaware, United States  

Self-assembly of molecules is an attractive materials construction strategy due to its 
simplicity in application. By considering peptidic molecules in the bottom-up materials self-
assembly design process, one can take advantage of inherently biomolecular attributes; 
intramolecular folding events, secondary structure, and electrostatic interactions; in addition 
to more traditional self-assembling molecular attributes such as amphiphilicty, to define 
hierarchical material structure and consequent properties. A new solution assembled system 
comprised of theoretically designed coiled coil bundle motifs, also known as ‘bundlemers’, will 
be introduced. The molecules and nanostructures are not natural sequences and provide 
opportunity for arbitrary nanostructure creation with peptides. With control of the display of all 
amino acid side chains (both natural and non-natural) throughout the peptide bundles, 
desired physical and covalent (through appropriate ‘click’ chemistry) interactions have been 
designed to produce polymer nanostructures. One-dimensional nanostructures span 
exotically rigid rod molecules that produce a wide variety of liquid crystal phases to semi-
flexible chains, the flexibility of which are controlled by the interbundle linking chemistry. The 
assemblies can be responsive to temperature since the individual bundle building blocks are 
physically stabilized coiled coil bundles that can be melted and reformed with temperature. 
Computational design is used to design bundlemers with different net charged character in 
order to manipulate their interactions in solution. Finally, rigid rod polymer chains can be 
processed into liquid crystals and fiber materials with a completely peptidic molecular 
foundation. Included in the discussion will be molecule design, hierarchical assembly 
pathway design and control, click chemistry reactions, and the characterization of 
nanostructure via electron microscopy, neutron and x-ray scattering, and rheological 
measurements, as well as inherent material properties (e.g. extreme stiffness, 
responsiveness to temperature and pH, stability in aqueous and organic solvents). 
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DNA Inspired guanine and cytosine-containing acrylic copolymers 

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

Inspired by complementary hydrogen bonding interactions between nucleobase pairs in DNA, 
we prepared guanine and cytosine acrylate monomers using regioselective Michael addition. 
Free radical polymerization afforded a series of copolymers of n-butyl acrylate and 
nucleobase-functionalized acrylate. Thermogravimetric analysis (TGA) revealed a lower 
onset temperature of weight loss (~280 °C) for the guanine-containing copolymers than 
cytosine-containing copolymers (~230 °C). Variable temperature FTIR spectroscopy verified 
the presence of hydrogen bonding in cytosine copolymers, guanine copolymers, and blends. 
Guanine copolymers exhibited enhanced mechanical performance that 2 mol% of guanine 
copolymer formed free-standing films, whereas 2 mol% and 4 mol% cytosine copolymers 
flowed at room temperature. 4 mol% guanine copolymers exhibited a plateau regime that is 
not seen 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. Small-angle X-ray scattering unveiled 
microphase-separated morphology for both copolymers, in which guanine copolymers 
exhibited enhanced microphase-separation than cytosine copolymers due to a stronger 
hydrogen bonding interaction. Further adhesion testing including peel testing and lap shear 
testing discussed the effectiveness of guanine and cytosine complementary hydrogen 
bonding on polymer adhesion. 
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Non-covalent and supramolecular materials to advance corneal regeneration 

Antonio Feliciano, a.feliciano@maastrichtuniversity.nl, Rhiannon Grant, Jopeth Ramis, 
Lorenzo Moroni, Matthew B. Baker. MERLN, Universiteit Maastricht, Maastricht, Limburg, 
Netherlands  

The creation of engineered corneas represents the only viable alternative to donor corneas 
for corneal stromal defects and scarring. Current commercially available artificial corneas are 
generally the last resort for patients where transplantation has failed, in large part due to their 
poor mimicry of the native tissue. The extracellular matrix (ECM) of the corneal stroma is a 
complex network of mostly collagen, proteoglycans, and fibronectin with complex and 
dynamic non-covalent and supramolecular interactions. We have engineered three polymeric 
materials using supramolecular interactions, like ureido-pyrimidinone (UPy) and cyclodextrin 
host-guest, in order to create more biomimetic materials for corneal regeneration and tissue 
engineering. We synthesized a zwitterionic copolymer with functional UPy groups for 
applications where cell adhesion is less desired and we present cell and BSA nonadherent 
surfaces. In addition, we characterized by UV-Vis, rheology, and H-NMR a supramolecular 
hydrogel system where retinol self-assembles with cyclodextrin as a drug-delivery platform in 
order to maintain corneal keratocyte phenotype. Lastly, we designed a photo-patternable 
non-covalent construct with areas of localized stress relaxation to induce cellular migration. 
From designing small molecule interactions to characterizing network gelation, we show that 
these materials can be tuned to meet corneal demands and still maintain optical 
transparency. These different approaches represent novel chemistries that can afford better 
biomimetic tissue replacements than current products due to their mechanical tunability, 
reversibility, and spatiotemporal dynamics. 
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Bioinspired polymersomes as mimic of virus and cell for functional biomaterials 

Vusala Ibrahimova, Hang Zhao, Emmanuel ibarboure, Elisabeth B. Garanger, Sebastien 
Lecommandoux, lecommandoux@enscbp.fr. LCPO, Universite de Bordeaux, Pessac, 
Aquitaine, France  

We report here an overview on the self-assembly in water of amphiphilic block copolymers 
developed in our laboratory into different nanomedicines, mainly focusing on polymer 
vesicles, also referred as polymersomes, and their applications in nanomedicine, biomaterials 
and artificial cells. 

We pay special attention to polysaccharide, polypeptide and protein-based block copolymer 
vesicles. We developed over the last years synthetic strategies for the design of glycosylated 
polypeptides and polysaccharide-polypeptide biohybrids with controlled placement of sugar 
functionality. We were especially interested in designing amphiphilic copolymers able to self-
assemble into well- defined micelles and vesicles that can advantageously be loaded with 
drugs and present a surface with multivalent presentation of bioactive saccharides or 
oligosaccharides. The ability of these nanoparticles for different biomedical applications, from 
drug-delivery to inhibitor, will be presented. We especially evidenced the particular benefit of 
nanoparticles and their multivalency toward the interaction with biological receptors. 

Finally, our recent advances in using “biomimicry approaches” to design complex, 
compartmentalized and functional protocells will be proposed. Such a system constitutes a 
first step towards the challenge of structural cell mimicry and functionality, and may act in the 
future as an autonomous artificial cell that can sense and cure in situ any biological 
deregulation 
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Selective chemical modification of polypeptides to mimic complex biopolymer 
functionality 

Timothy J. Deming, demingt@seas.ucla.edu. University of California Los Angeles, Los 
Angeles, California, United States  

Our lab has pursued development of methods to allow selective incorporation of diverse 
functionality into synthetic polypeptide materials. Specifically, we have developed synthetic 
methods that allow a robust variety of modifications to the nucleophilic thioether containing 
side-chains in methionine residues. The sequential combination of methionine alkylation to 
create sulfonium groups, followed by sulfonium demethylation to restore thioether groups with 
introduction of side-chain functionality has emerged as a powerful strategy to convert natural 
methionine residues into new, highly functional amino acids. We also have recently 
developed methods to incorporate electrophilic groups into polypeptides, which facilitate 
reactions of polypeptides with functional nucleophiles. The combination of selective 
nucleophilic and electrophilic reactive groups in polypeptides was found to allow preparation 
of a diverse range of functional copolypeptides. 
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Expanding the functionality of engineered extracellular matrices with peptoids 

Adrianne Rosales, arosales@che.utexas.edu. McKetta Department of Chemical 
Engineering, The University of Texas at Austin, Austin, Texas, United States  

Hydrogels have garnered intense interest as engineered extracellular matrices due to their 
tailorable permeability, mechanics, and degradability. Synthetic materials are attractive due to 
their known chemical compositions and reproducibility, but the challenge with their use lies in 
the lack of complexity as compared to biological systems, especially with regard to sequence-
specific bioactivity. Hence, our work aims to expand the toolbox for building complexity and 
functionality into synthetic hydrogel biomaterials by using precise polymer architectures, 
specifically those of peptoids. Here, we describe our efforts to control two key properties of 
hydrogels with peptoid functionality: 1) bulk mechanics and 2) enzymatic degradability. Using 
peptoid crosslinkers, we achieved control over the mechanics of hydrogel platforms by 
varying monomer sequence and chain structure, in a fashion reminiscent of semiflexible 
biopolymers. Specifically, helical peptoids increased the shear moduli of hydrogels due to 
increased chain stiffness as compared to non-helical peptoids, while keeping all other 
hydrogel parameters fixed. These changes in mechanics impacted the amount of secreted 
stem cell factors such as indoleamine 2,3-dioxygenase (IDO). Furthermore, we examined the 
ability of peptoids to tune hydrogel degradability via proteolysis. We substituted peptoids into 
key sites of proteolytically degradable substrates, enabling a tailored material response to 
matrix metalloproteinases secreted by cells. Overall, our results suggest that sequence 
control of synthetic peptoids may provide effective strategies for expanding the functionality 
of biomaterial scaffolds for tissue engineering, particularly with respect to mechanics and 
degradation in complex biological environments. 

 

 
We will describe control of hydrogel properties with peptoid functionality. 
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Harnessing peptide binding to capture and reclaim phosphate 

Whitney Fowler1, wcfowler@uchicago.edu, Chuting Deng1, Moshe Gottlieb3, Juan J. De 
Pablo1,2, Matthew V. Tirrell1,2. (1) Pritzker School of Molecular Engineering, University of 
Chicago, Chicago, Illinois, United States (2) Center for Molecular Engineering, Argonne 
National Laboratory Materials Science Division, Lemont, Illinois, United States (3) Chemical 
Engineering, Ben Gurion University of the Negev, Beer Sheva, Israel  

While there have been recent advances in designing soft materials to perform intriguing 
functions, there remains a dearth of materials that can molecularly recognize, capture, 
release, and collect targeted nutrients or contaminants to recycle on the nano-scale. Peptide 
amphiphile systems represent a promising, unexplored candidate for such materials with their 
sequence-specific synthetic control, tunable secondary structure, and self-assembled 
supramolecular architectures. Compared to other anion binding materials that have complex 
synthetic routes or are unstable in water, peptide amphiphiles utilize the well-established, 
monodisperse synthetic technique of FMOC solid phase peptide synthesis to produce 
materials that perform reliably and optimally in aqueous environments. In our work, we have 
incorporated a phosphate-binding amino acid motif into the headgroup of peptide 
amphiphiles, which is then systematically displayed to the environment in self-assembled 
wormlike micelles. These micelles then form a dense, entangled network to act as an 
absorbent material that can capture phosphate at designated pH values and then release it to 
be collected in a controlled and purified manner. This work will present the design, 
characterization, and phosphate-binding functionality of these specially designed peptide 
amphiphile materials. 
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Using bioinspired polypeptoids to make functional anti-fouling surfaces 

Rachel A. Segalman, segalman@engineering.ucsb.edu. University of California Santa 
Barbara, Santa Barbara, California, United States  

Prevention of marine fouling necessarily requires the use of highly complex coatings that 
satisfy requirements including amphiphilicity, surface wettability, mechanical robustness and 
moduli amenable to foulant removal, as well as active chemistries to prevent cement 
formation. Since no single polymeric building block provides the necessary combination of 
properties to create a successful, broad spectrum anti-fouling surface, there is a need to 
identify the guiding principles and design elements that can be used in the creation of broadly 
effective anti-fouling coatings. The polypeptoid system with its more scalable synthesis 
amenable to the inclusion of many functionalities combined with simplified set of inter and 
intramolecular interactions provides an opportunity to explore this design space with more 
tractable systems. Further, the use of sequence-defined peptoids in these coatings allows 
precise control over the spacing and chemistry of the functional groups. We demonstrate that 
amphiphilic polypeptoids generally outperformed analogous peptides with bioassays with the 
soft algal fouling organisms Ulva linza and Navicula incerta indicating that hydrogen bonding 
largely determines the differences seen between similar peptide and peptoid species. 
Consequently, amphiphilic peptoid materials lacking hydrogen bond donors are better suited 
to resist marine fouling, with enhanced release of U. linza and similar performance against N. 
incerta relative to hydrogen-bonding analogues. In this presentation I will discuss more recent 
polypeptoid surface designs that are both soft and hard fouler resistant. 
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Optically triggered out-of-equilibrium patterns of supramolecular peptide nanofibers in 
a self-sorting double network hydrogel 

Keisuke Nakamura1, nakamura.keisuke.43n@st.kyoto-u.ac.jp, Wataru Tanaka1, Kei Sada1, 
Ryou Kubota1, Itaru Hamachi1,2. (1) Graduate School of Engineering, Kyoto University, Kyoto, 
Japan (2) JST ERATO, Kyoto, Japan  

Out-of-equilibrium patterns arising from diffusion processes are ubiquitous in nature, although 
they have not been fully exploited for the design of artificial materials. Such a patterning 
mechanism controlled by external input is envisaged to produce unprecedented functional 
materials. We herein demonstrated the photo-triggered formation of out-of-equilibrium 
patterns using peptide-type nanofibers in a self-sorting supramolecular double network (SDN) 
hydrogel. In the SDN hydrogel comprising lipid- and peptide-type nanofibers, the peptide 
fibers were modified with acylhydrazone to serve as a photoswitch using a post-assembly 
fabrication (PAF) protocol. Confocal imaging revealed that the peptide-type nanofibers photo-
decomposed through E-to-Z isomerization and subsequently reformed via thermally induced 
Z-to-E transformation. Further incubation provided an unexpected discovery, that is, the 
spatial condensation of peptide-type nanofibers in the photo-irradiated areas and concurrent 
nanofiber depletion in the non-irradiated areas. In-depth analyses indicated that the 
reconstructed peptide nanofibers were thermodynamically stable and seed-driven nanofiber 
condensation was enhanced by monomers diffusing from the kinetically trapped metastable 
nanofibers generated by PAF. These out-of-equilibrium events were regulated by light and 
diffusion to facilitate the creation of unique patterns, including two lines from a one-line 
photomask and a line pattern of a protein immobilized in the hydrogel. 
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Cationic metallopolymer conjugates with antibiotics 

Jihyeon Hwang, jihyeon@email.sc.edu, Yujin Cha, Tianyu Zhu, Chuanbing Tang. 
Department of Chemistry and Biochemistry, University of South Carolina, Columbia, South 
Carolina, United States  

Drug resistance is becoming one of the most urgent global health threats, requiring the 
development of novel antibiotics or new therapeutic approaches. However, the extensive cost 
and time have made the advances on new drug development far slower than expected. 
There are increasing demands on the revitalization of traditional antibiotics. Herein, we 
introduced cationic metallopolymers for bacterial infection treatment. These polymers 
enhance cell disruption through electrostatic interaction with negatively charged cell 
membranes. Conjugating commercial β-lactam antibiotics into cationic metal-containing 
macromolecules not only treats bacterial infections but also brings new insights toward 
developing antimicrobial biomaterials for biomedical applications. The cationic 
metallopolymer complexes with antibiotics exhibit synergy effects against Gram-negative 
pathogens. 

 

 
  



~ 54 ~ 
 

SPRING 2022, ACS NATIONAL MEETING – POLY GRAPHICAL ABSTRACT 

Functional bioinspired polypeptoids 

Jing Sun, jingsun@qust.edu.cn. Jilin University, Changchun, Jilin, China  

Bioinspired polymeric materials receive considerable attention due to significant advantages 
over their natural counterparts: the ability to tune their structures over a broad range of 
chemical and physical properties, increased stability and improved processability. In 
particular, polypeptoids, or Spring 2022, ACS National Meeting - POLY Graphical AbstractN-
substituted glycines, are a promising class of peptidomimetic polymers, which offer great 
unique properties for both fundamental research and applications in biotechnology. The 
polypeptoid possess identical backbones to the polypeptide, but the side chain is attached to 
the nitrogen instead of a-carbon. It thus eliminates the inter- and intrachain hydrogen bonding 
and the chirality in the main chain. The peptoid polymers with high molecular weights and 
large scale yields can be obtained by ring-opening polymerization technique. Many 
polypeptoid-based block copolymers have therefore been synthesized and studied. We 
synthesized a series of functional polypolypeptoids with stimuli responsive properties by a 
combination of ring-opening polymerization and thiol-yne click chemistry. The obtained 
polymers show either LCST-type or UCST-type behaviour depending on the side-chain 
functionalities. We further reported a facile approach to prepare functional nanostructures 
such as highly flexible 2D crystalline nanosheets, bioinspired nanofibers and superbrushes. 
The obtained bioinspired nanostructures are potential candidates for applications in 
nanoscience and biomedicine. 
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Scalable, Stereosequence-Controlled Synthesis of Poly(α-Hydroxy Acids) with 
Improved Mechanical Properties 

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. To overcome such problems, O-carboxyanhydrides (OCAs)—which are prepared 
from biosources such as amino acids or hydroxy acids—are perhaps the most ubiquitous 
class of highly active monomers with pendant functional groups used for ring-opening 
polymerization to afford functionalized polyesters. However, the conventional polymerization 
strategies of these monomers presents certain challenges as the synthesis of high-molecular 
weight, stereocontrolled polymers are difficult to achieve. Herein, we report a new method for 
achieving rapid and controlled OCA polymerization using highly reactive metal complexes 
without the need for an external energy source, and we describe the use of this method for 
large-scale preparation of stereoregular polyesters and stereosequence-controlled 
copolymers bearing various pendant functional groups on a large scale. The synthesized 
polyesters are amenable to quantitative chemical recycling under mild conditions. Gradient 
copolymers synthesized by means of this method exhibit enhanced ductility and toughness 
compared to those of homopolymers and block copolymers synthesized from the same OCA 
monomers, as shown in Figure 1. 

 

 
Figure 1. (a) Scheme of the synthesis of poly(α-hydroxy acid). (b) Stress- strain testing of obtained 
functionalized polyesters, comparing with LDPE. 



~ 56 ~ 
 

SPRING 2022, ACS NATIONAL MEETING – POLY GRAPHICAL ABSTRACT 

Design of polymeric network in photoinduced hydrogen generation through coil-globule 
transition 

Kosuke Okeyoshi1, okeyoshi@jaist.ac.jp, Ryo Yoshida2. (1) Hokuriku Sentan Kagaku 
Gijutsu Daigakuin Daigaku, Nomi, Ishikawa, Japan (2) Tokyo Daigaku, Bunkyo-ku, Tokyo, 
Japan  

Toward realization of a sustainable society, a polymeric system for photoinduced hydrogen 
generation utilizing a copolymer containing an electron acceptor is designed. In this system, 
the redox changes of viologen introduced into poly(N-isopropylacrylamide) cause cyclic 
conformational changes due to the shifting of the phase transition temperature.The polymeric 
coil-globule transitions with hydrophilic/hydrophobic changes accelerate the electron transfer 
for hydrogen generation. In particular, hydrogen generation using visible-light energy with 
high efficiency is achieved around the phase transition temperature. In contrast to 
conventional solution systems, our polymeric system enables efficient hydrogen generation in 
a close molecular arrangement without the aggregation of catalytic nanoparticles. The 
utilization of conformational changes will provide a new strategy for synthesizing artificial 
photosynthetic hydrogels that split water to generate both hydrogen and oxygen.1-2 

[1] Advanced Functional Materials 20, 708 (2010). 

[2] Angewandte Chemie International Edition 58, 7804 (2019). 
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Degradable synthetic AMP-like copolymer as alternative to antibiotics 

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

The increasing bacterial resistance to common antibiotics is probably one of the main public 
health issues of the 21th century and it is now urgent to find innovative and efficient therapies 
to reverse this trend. Antimicrobial peptides (AMP) are currently one of the promising 
alternatives to antibiotics since no bacterial resistance has been observed so far with these 
molecules. Nevertheless, their use at a large scale is still today challenging. The lack of any 
specific sequence or defined secondary structure in various AMPs led DeGrado’s groupto the 
hypothesis that synthetic (co)polymers – with all their structural imperfections and 
heterogeneities – could perhaps be designed to capture the essential physiochemical 
features of such peptides that are key to their antimicrobial activity without their inherent 
drawback (synthetic cost, degradability, etc). 

In this work, we propose first to design synthetic antibacterial copolymers, i. e. synthetic 
analogues of AMP that could be prepared at a large scale, by nitroxide-mediated 
polymerization (NMP). In this study, various amphiphilic positively charged (meth)acrylics 
derivative copolymers with different composition; architecture and hydrophilicity have been 
prepared and evaluated against bacteria (Gram-positive and Gram-negative) and red blood 
cells to determine their antimicrobial and haemolytic character respectively. 

Nevertheless, suck kind of antibacterial copolymer has been quite exclusively studied in 
vitrodue to the non-degradability of the backbone. We thus combine the ease and the wide 
library of copolymersthat could be produced by radical polymerization with the radical 
Ring-Opening Polymerization(rROP) technique that our group developed few years ago 
and that consists in developing comonomers to confer degradability to vinyl-based 
polymersvia the introduction of weak bonds into the polymer backbone. 
Such functional biomimetic polymers have then be prepared and tested with success against 
various bacteria. 
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Molecular design of conducting biomaterial composites 

Joshua Tropp, jtropp2@gmail.com, Rebecca Keate, Jonathan Rivnay. Biomedical 
Engineering, Northwestern University Robert R McCormick School of Engineering and 
Applied Science, Chicago, 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. Recently, collagen has been 
investigated as a biomimetic regenerative medium due to its prevalence in the extracellular 
matrix and its chemical and mechanical properties, which closely mimic physiological tissue. 
However, collagen alone fails to facilitate the necessary electroactive processes that could 
play a vital role in directing and accelerating tissue regeneration. We demonstrate a novel 
derivative of an organic semiconductor poly(3,4-ethylenedioxythiophene) (PEDOT) that can 
covalently link to collagenous materials 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 
collagen and thus covalently bind to collagenous materials. The results of this study 
demonstrate a novel conducting polymer that can augment collagen-rich materials 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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Optimized therapeutics with a specific multivalent binding 

Petr Kral, pkral@uic.edu. University of Illinois at Chicago, Chicago, Illinois, United States  

We use computational approaches based on molecular dynamics and Monte Carlo 
simulations to design and optimize broad-range antiviral therapeutics with specific multivalent 
binding. The drugs are either based on sulfonated hyperbranched systems with different 
architectures that are meant to mimic heparan sulfate molecules, which are used in the initial 
steps of binding by multiple viruses. These drugs provide certain matching to the viral 
architectures, but they are also generic enough and usable in different viruses. Other 
therapeutic systems are based on hyperbranched systems with attached peptides that are 
capable binding to different proteins in selected viruses. With our computational techniques 
we optimize both the therapeutic architectures and their ligands based on sulfonated groups 
or optimized peptides. Selected therapeutics are tested experimentally by our collaborators. 
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Leveraging 1D supramolecular polymers to create tough biomimetic hydrogels for 
biomedical applications 

Matthew B. Baker, m.baker@maastrichtuniversity.nl. MERLN Institute, Universiteit 
Maastricht, Maastricht, Limburg, Netherlands  

While natural systems have evolved elegant self-assembled materials, the recreation of such 
materials in a synthetic system remains a challenge. Looking towards the native extracellular 
matrix, we can see the power of self-assembly, yet also see that the marriage of 
supramolecular assembly and covalent bond formation is a popular motif for enhanced 
mechanical properties. However, supramolecular materials utilized for tissue engineering 
often suffer from poor mechanical properties and poor fabrication performance. In order to 
address these challenges, we set out to create supramolecular hydrogels from 1,3,5-
benzenetricarboxamide which could then be covalently reinforced. By utilizing a novel 
desymmetrization strategy developed in our lab, we could quickly create 
macro(supra)molecular monomers with synthetically addressable side groups. These 
supramolecular architectures underwent self-assembly in PBS, creating long, 1D assemblies 
as seen by cryo-EM; at higher concentrations, they also formed dynamic hydrogels. These 
supramolecular structures could be covalently captured, and maintaining their shape and 
physical properties. Impressively, upon covalent capture, these materials became surprisingly 
tough with over 120 kJ/m3 toughness at a compressive modulus of 80 kPa; similar to native 
cartilage tissue. Due to their self-healing and injectable nature, these materials were 
amenable to 3D bioprinting, and could be utilized to create complex architectures like a 
human sized meniscus. Furthermore, these materials were shown to be highly 
cytocompatible, could be rendered biodegradable via the incorporation of MMP linkers, and 
are currently under investigation for cartilage tissue formation. Via careful supramolecular 
design, the cooperative effect of covalent reinforcement can lead to highly processable and 
biomimetic architectures interesting for tissue engineering. 
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Synthesis of ROS-responsive mannose glycopolymers for macrophage-targeted drug 
delivery 

Adam E. Smith1,2, aes@olemiss.edu, Thomas Werfel2,1,3, Oluwaseyi T. Shofolawe-Bakare1, 
Judith U. De Mel2. (1) Chemical Engineering, University of Mississippi, University, Mississippi, 
United States (2) Biomedical Engineering, University of Mississippi, University, Mississippi, 
United States (3) BioMolecular Sciences, University of Mississippi, University, Mississippi, 
United States  

Macrophages play an essential role in the pathophysiology of a variety of disorders, including 
cancer, inflammation, atherosclerosis, and others. Moreover, although therapeutic strategies 
targeting macrophages hold promise for treating these diseases, these therapies often suffer 
from toxicity associated with systemic delivery of the therapeutics. For this reason, it is 
desirable to develop macrophage-specific drug delivery vehicles. In this work, we synthesize 
nanoparticles (NPs) that target macrophages via polymeric mannose ligands on the 
nanoparticle surface and preferentially release the drug in response to reactive oxygen 
species (ROS), which is elevated inside macrophages. The high-mannose decorated-
nanoparticles consist of triblock copolymers of poly(propylene sulfide) (PPS) for hydrophobic 
drug loading and release, polymethacrylamidoglucopyranose (PMAG) for nanoparticle 
stability, and polymethacrylomidomannose (PMAM) for the targeting of M2-polarized 
macrophages. In order to demonstrate the utility of these NPs for the treatment of a variety of 
pathologies driven by macrophage presence and elevated ROS, we will confirm ROS-
responsive drug release in the presence of hydrogen peroxide and confirm macrophage 
targeting in cell culture with M2-polarized macrophages. This dual-targeting strategy is 
expected to improve the selectivity of delivery to macrophages over mannose-targeting or 
ROS-responsiveness alone and improve the therapeutic window of macrophage-specific 
therapeutic agents. 
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Synthesis and evaluation of glycopolymers as broad spectrum anti-viral agents 

Katherine D. McReynolds, kdmcr@csus.edu. Department of Chemistry, California State 
University, Sacramento, Sacramento, California, United States  

Multivalent glycopolymers can serve as biological mimics of cell surface receptors targeted 
by viral pathogens and inhibit the early stages of pathogen binding and infection. In particular, 
many viruses utilize heparan sulfate, as an alternate receptor/coreceptor in viral entry. This 
research is focused on the development of glycopolymers as heparan sulfate mimics, 
whereby the glycopolymers bind to the viral surface proteins and prevent binding to the host 
cells. This presentation will focus on the design, synthesis and biological evaluation of a 
variety of glycopolymers. Development of broad spectrum anti-viral drugs is critical given the 
current dual pandemics caused by HIV-1 and SARS-CoV-2, and would be beneficial as first 
line therapeutics against emergent viruses in the future. 
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Polypeptoid copolymers as simplified analogues of antimicrobial peptides 

Pedro Salas1, Antoine Tronnet2, Bruno Dupuy3, Pierre Verhaeghe2, Colin Bonduelle1, 
colin.bonduelle@enscbp.fr. (1) University of Bordeaux, Laboratoire de Chimie des Polymeres 
Organiques, Pessac, Nouvelle Aquitaine, France (2) University of Toulouse, Laboratoire de 
Chimie de Coordination, Toulouse, Occitanie, France (3) LPBA, Institut Pasteur, Paris, Île-de-
France, France  

Antimicrobial peptides (or AMPs) are specific macromolecules made of amino acids that are 
produced by microorganisms to fight against bacteria. As selective biocides, AMPs are 
potentially active against all types of micro-organisms, thanks to their ability to destabilize cell 
membranes. This particular mechanism of action is due to various physicochemical 
properties including their amphiphilic character. So far, the pharmaceutical development of 
AMPs remains limited for various reasons including high production costs, scalability and 
their sensitivity to proteases, that prevent for instance their oral administration. This limitation 
is a tremendous drawback to treat several infections such as the ones caused by 
Clostridioides difficile (C. difficile) a group of highly dangerous pathogens that infects the 
digestive tract, which is, in occurrence, an environment full of proteases. 

In this context, synthetic macromolecules are certainly the best candidates to overcome the 
limitations posed by the production and use of AMPs. In this direction, access to large 
amounts of material is an important asset of using polymer chemistry. For instance, 
“polypeptoids”, also called poly(N-substituted glycines) are N-alkylated analogs of synthetic 
polypeptides that can provide enhanced resistance to proteolysis. The simple preparation of 
polypeptoids involves the use of building blocks called N-alkylated-N-carboxyanhydrides or 
NNCAs that are polymerized through the ring-opening polymerization (ROP). Our work has 
defined a new route to copolymers of poly(N-substituted glycines) using of lysine-like 
monomers. A fine-tuning of their chemical composition has allowed to design antimicrobial 
macromolecules showing good activity against C. difficile, the main causative agent of 
nosocomial diarrheas of adults in developed countries. 

 

Copolymers of poly(N-substituted glycines) have been prepared using lysine-like monomers to design antimicrobial 
macromolecules.  
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Peptidomimetic polyurethanes as a complementary strategy to combat bacteria and 
their biofilms 

Abraham Joy1, abraham@uakron.edu, Apoorva Vishwakarma1, Chinnapatch 
Tantisuwanno1, Hazel Barton2. (1) Polymer Science, University of Akron, Akron, Ohio, United 
States (2) Biology, University of Akron, Akron, Ohio, United States  

Antibiotics such as penicillin, streptomycin or their derivatives have been the go-to 
therapeutics for countering various microbes. However, there is an increasing incidence of 
drug resistance against several classes of antibiotics, which necessitates novel approaches 
towards this new paradigm and the development of new classes of antimicrobials. In addition 
to developing structural analogs of current antimicrobials, alternative approaches such as 
antimicrobial peptides, antibodies, and polymers are being pursued. Antimicrobial 
macromolecules such as the ones above have several advantages over small molecules but 
also have some critical drawbacks. This talk will describe our lab’s efforts in the design and 
development of peptidomimetic polyurethanes that are inspired by antimicrobial peptides 
(AMPs). The identity and composition of these groups dictate the antimicrobial activity of the 
polymers. However, increased antibacterial activity is coupled to an increase in mammalian 
cell toxicity and an optimum balance of these divergent properties need to be achieved. We 
will present our design criteria for these polymers and provide polymer structure-function 
based mechanistic insights into the observed antibacterial action and mammalian cell toxicity 
of the polymers. We will also show that these polymers have the potential to disrupt biofilm 
growth. They can also be used as adjuvants in combination with conventional antibiotics to 
improve the efficacy of antibiotics. 

 

 
 

Fluorescence confocal micrographs of preformed P. aeruginosa biofilms treated with polyurethanes 
and compared to polymyxin and ciprofloxacin 
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Peptidomimetic wet-adhesive PEGtides with synergistic and multimodal hydrogen 
bonding 

Minseong Kim3,1, kw7870@unist.ac.kr, Jinwoo Park2, Kyung Min Lee2, Sang Kyu Kwak2, 
Dong Woog Lee2, Byeong-Su Kim1. (1) Department of Chemistry, Yonsei University, 
Seodaemun-gu, Seoul, Korea (the Republic of) (2) School of Energy and Chemical 
Engineering, Ulsan National Institute of Science and Technology, Ulsan, Ulsan, Korea (the 
Republic of) (3) Department of Chemistry, Ulsan National Institute of Science and 
Technology, Ulsan, Ulsan, Korea (the Republic of)  

The remarkable underwater adhesion of mussel foot proteins has long been an inspiration in 
the design of peptidomimetic materials. Although the synergistic wet adhesion of catechol 
and lysine has been recently highlighted, the critical role of the polymeric backbone has 
remained largely underexplored. Here, we present a peptidomimetic approach using 
poly(ethylene glycol) (PEG) as a platform to evaluate the synergistic compositional relation 
between the key amino acid residues (i.e., DOPA and lysine), as well as the role of the 
polyether backbone in interfacial adhesive interactions. A series of PEG-based peptides 
(PEGtides) were synthesized using functional epoxide monomers corresponding to catechol 
and lysine via anionic ring-opening polymerization. Using a surface force apparatus (SFA) 
highly synergistic surface interactions among these PEGtides with respect to the relative 
compositional ratio were revealed, which outperformed other mussel-mimetic systems 
reported to date. Furthermore, the critical role of the catechol-amine synergy and diverse 
hydrogen bonding within the PEGtides in the superior adhesive interactions was verified by 
molecular dynamics simulations. Our study sheds light on the design of peptidomimetic 
polymers with reduced complexity within the framework of a polyether backbone. 
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Dual drug-loaded micelles encapsulated in thermo-sensitive hydrogel for sequential 
release and synergistic immuno-chemotherapy in cancer treatment in vivo 

Haile F. Darge, fentahunhailebdu@gmail.com. National Taiwan University of Science and 
Technology, Taipei, Taiwan  

Thermosensitive in situ hydrogels that enabled to encapsulate more than one drug for local 
sustain releases have been emerging as a compelling choice. In this study, doxorubicin 
(DOX) was loaded in DMXAA conjugated mPEG-PLGA micelle (DOX@mPPD) and then 
further encapsulated in thermosensitive hydrogel prepared from carboxylic and amine 
terminated PDLLA-PEG-PDLLA copolymers (DOX@mPPD/Hyd). Thus, DOX@mPPD 
encapsulated thermosensitive hydrogel was intratumorally injected into tumor-bearing mice to 
assess the synergistic anti-vascular and immuno-chemotherapeutic effects of DMXAA and 
DOX. The successful synthesis of the copolymers was confirmed by 1HNMR, APC, DOSY 
and UV spectroscopies. DOX loading capacity of mPPD micelle was relatively higher (6.79%) 
than mPEG-PLGA (mPP) micelle (6.09%). The cumulative releases of DOX and DMXAA 
from mPPD micelle at pH 5.5 were 77.34 ± 2.23% and 23.12 ± 0.9 %, respectively, upon 120 
h. However, the release of DOX and DMXAA from the hydrogel was occurred in a sustained 
and sequential fashion with a cumulative release of 60.27 ± 87% and 44.55 ± 0.23%, 
respectively for 40 days. The in vitro cytotoxicity test against MDCK and HeLa cells verified 
the biocompatibilities of the copolymers for in vivo applications. More importantly, after a 
single intratumoral injection of various drug formulations into tumor bearing nude mice, 
hydrogel loaded with DOX@mPPD displayed the highest tumor suppression efficacy, lowest 
tumoral micro vessel density and increased serum TNF-alpha and IFN-beta upon five weeks. 
Furthermore, histological analysis of major organs and body weight changes indicated that 
hydrogel based localized treatments didn’t cause significant systemic toxicities. Therefore, 
localized co-delivery of DOX and DMXAA with sequential release using hydrogels may be a 
promising approach for synergistic tumor suppression through different mechanism of actions 
with minimal adverse effects. 
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Novel proteomimetic peptide brush polymer for Huntington’s Disease 

Mara A. Fattah1, marafattah@gmail.com, Wonmin Choi1, Kendal Carrow3, Or Berger1, 
Nathan C. Gianneschi1,2,3. (1) Chemistry, Northwestern University, Evanston, Illinois, United 
States (2) Materials Science Engineering, Northwestern University, Evanston, Illinois, United 
States (3) Biomedical Engineering, Northwestern University, Evanston, Illinois, United States  

Huntington’s Disease (HD) is an incurable, inherited, neurodegenerative disorder with 
200,000 Americans at risk. A neuroprotective peptide has been shown in mice models to 
block binding of two proteins, preventing mitochondrial autophagy in neurons. Indeed, 
peptides have been explored as easily synthesized, biocompatible, target-specific therapeutic 
agents, but fail in translation. Peptides have poor pharmacokinetics and stability, and are 
vulnerable to proteolysis and renal clearance. To combat this, a proteomimetic platform for 
delivering peptides has been developed: Protein-Like Polymers (PLPs). PLPs are globular, 
peptide-based structures assembled around a hydrophobic synthetic core displaying amino 
acids for recognition. The high-density brush polymers synthesized via ring-opening 
metathesis polymerization render the peptides of interest resistant to degradation due to the 
packing of the peptides on the polymer backbone. Thus the PLP is an optimal vehicle for 
treating HD with peptides, with great implications presented for treating other diseases. 
Critically, in HD cell culture assays, Anti-HD PLP penetrated cells to localize in mitochondria 
and successfully block a pathway thought to trigger HD. Anti-HD PLP also rescued HD cells 
from death and significantly outlasted peptide in enzyme degradation and stability 
studies.The Anti-HD PLP’s exceptional stability in vivo outlasted the control Anti-HD peptide 
that was only detectable for minutes, boasting a half-life of almost a week. PLPs showed the 
same trend in vivo efficacy in HD transgenic mice of outperforming the peptide in behavioral 
and neuropathological analyses. These data suggest the PLP platform, when employed in 
Anti-HD mouse models, enhances peptide drug efficacy, providing a robust platform for 
peptide therapeutic delivery. 

 
Anti-HD peptide and PLP (red signal) both achieve cellular penetration (top row, cell membrane in green) and localize in 
mitochondria (bottom row, green), the disease target of interest. Anti-HD PLP outperforms peptide in pharmacokinetic 
analysis, with its half-life in blood (days) 3000x longer than peptide's half-life (minutes).  
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Orthogonal functionalized bio-polymer-conjugates: Targeted coupling of bio-active 
motifs to pre-designed polyvinylphosphonates 

Kerstin Halama, kerstin.halama@makro.ch.tum.de, Bernhard Rieger. Chemistry, 
Technische Universitat Munchen, Munich, Bavaria, Germany  

The use of synthetic polymers has found a broad range of interesting applications in 
biotechnology and medicine. In this context a combination of stimuli-responsive polymers and 
biologically relevant side chains can be used to form sophisticated smart polymer conjugates. 
Especially the polymer end-groups are of interest for biofunctionalizations, as they allow a 
defined one-to-one conjugation. Within this project we try to produce well-defined polymers 
with two or more different functionalities. Rare-earth metal-mediated group transfer 
polymerization (REM-GTP) is particularly suitable for this purpose, since it enables the 
synthesis of biocompatible polyvinylphosphonates with narrow polydispersities and tuneable 
molecular weight. The highly active REM-GTP catalysts are able to polymerize a plethora of 
complex vinylphosphonates such as diallyl vinylphosphonate and the recently developed 
dipropargyl vinylphosphonate. In addition to the conventional diethyl vinylphosphonates these 
two functional derivatives allow to integrate different functional groups in the resulting 
polyvinylphosphonates. These precisely designed copolymers can be decorated selectively 
with several motifs via post polymerization functionalization. The side chains were modified 
orthogonally via azide alkyne cyclo additions and followed by thiol ene click chemistry. This 
synthetic route involves orthogonal functionalization strategies to couple different biological 
motifs such as folic acid, cholesterol, or the tripeptide arginylglycylaspartic acid (RGD), in a 
controlled manner. The influence of these modified polymers on human cells is analyzed by 
cell tests while their localization is investigated by confocal microscopy. Clearly, 
polyvinylphosphonate-based bioconjugates provide a promising platform for potential 
applications in a biological and medical context. 
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Installation of cleavable disulfides into silk fibroin 

Jeremy Talusig, talusij@wwu.edu, Amanda Murphy. Chemistry, Western Washington 
University, Bellingham, Washington, United States  

Renowned for its biocompatibility, silk fibroin produced by the Bombyx Mori has proven to be 
successful in biomedical applications including drug delivery, implantable devices and tissue 
engineering. In this research, incorporation of non-native thiols to the tyrosine residues of silk 
fibroin was accomplished and characterized by 1D and 2D proton NMR, IR, Raman and UV. 
Adhesion properties of the thiol-modified silk to different surfaces and its ability to form inter- 
and intra-molecular crosslinks for gel formation will be presented. 
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Sequence-defined oligocarbamates: large-scale synthesis and precise property 
programming 

Pawel Cwynar, Weronika Forysiak, Roza Szweda, rozaszweda@gmail.com. Lukasiewicz 
Research Network – PORT Polish Center for Technology Development, Wroclaw, Poland  

Polymers with a defined monomer sequence are promising building blocks for materials with 
advanced properties. To approach advanced functions as exhibited by natural 
macromolecules, e.g., proteins, the sequence-property relationship has to be acquainted. 
However, the lack of facile methods of synthesizing macromolecules with a specific sequence 
inhibits their exploitation and development of applications in materials. 

So far, no copolymerization method allows for complete control of the position of individual 
monomers in the macromolecule chain. Macromolecules of defined sequence are usually 
synthesized by multistep synthesis in solution or on a solid support. Solution synthesis 
enables scalability of the process, however, it involves cumbersome purification after each 
step. Alternatively, they can be obtained by solid-phase approach that simplifies purification 
between steps. Yet, to achieve high yield, multiple reagent excess is needed. Here, we have 
investigated the possibility of carrying out multiple monomer iteration by chemoselective 
reactions in one reaction vessel without isolation of intermediates. The control over monomer 
order was achieved by controlled fuelling of the reagents, supported by conversion 
monitoring (Fig.). We demonstrated that the approach leads to uniform macromolecules with 
full sequence control. 

Thermal polymer properties are basic parameters that dictate material requirements. We 
have investigated sequence programming as a factor for fine-tuning of thermal properties of 
oligocarbamates. We found that various combination of monomers precisely modulates 
thermal characteristic of materials. Interestingly, the substitution of aromatic hard segments 
by chiral monomers results in similar increase of glass transition and melting temperature. 
Correlation of thermal properties with formed degradation products shows that sequence is a 
factor that can induce particular thermal characteristic and decomposition products. The 
rational material design can reduce the problem of plastic waste through substitution of 
aromatic segments, which yield toxic products of decomposition. 

 

 
One-pot synthesis of sequence-defined oligocarbamates.  
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Photochemistry of vanadium clusters and applications for responsive materials 

Kalani D. Edirisinghe, Ediride@bgsu.edu, Alexis D. Ostrowski. Bowling Green State 
University, Bowling Green, Ohio, United States  

Incorporation of V(V) clusters into polymer hydrogels has been used to impart photo-
responsive behavior and this results in tuning of the properties of the hydrogel during light 
irradiation. To define the photochemistry in these systems, V(V) coordinated to simple 
hydroxy acids (tartrates) was used to represent polyoxovanadates. The photochemistry was 
studied using Ultraviolet visible spectrometry, X–ray crystallography, gas chromatography, 
FTIR and electron paramagnetic resonance (EPR) spectroscopy. Irradiation at 365 nm 
caused the V(V) tartrate to change from yellow through green to brownish purple, developing 
a characteristic three–band absorption spectrum with maxima corresponding to a V(IV) 
photoproduct. EPR spectroscopy confirmed a reduction from diamagnetic V(V) to 
paramagnetic V(IV) taking place with the growth of an 8-line V(IV) hyperfine pattern over 
time. Inspired by these findings we have now developed interesting macroscopic effects in 
cellulose-agarose hydrogels with the light responsive properties of vanadium. A concomitant 
oxidative decarboxylation of the polysaccharide was noticeable upon the reduction of V(V) to 
V(IV). This reduction of the metal ion and possible breakdown of polysaccharide chain induce 
irreversible changes in the microstructure of the hydrogel which enables the controlled 
delivery of V(IV) and possibly an encapsulated cargo. A significant drop in hydrogel 
properties like storage and loss modulus, viscosity drop in polymer solution and increase in 
pore sizes were observed through irradiation. Interestingly, a photomask can be used to 
create discrete patterns on these materials upon irradiation. We now expect to develop 
exciting macroscopic effects with the light responsive properties of vanadium in 
polysaccharide-based materials. 

 

color and structure change of V(V) tartrate upon irradiation 
pore size enlargement and color change of V loaded photoresponsive hydrogels   
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Developing biomimetic polymers towards modern wound healing materials 

Sharon K. Hamilton, sharon.k.hamilton@gmail.com, Harry Jeffrey, Reagan Neal, Joshua 
Spiva, Andrew Tarlton. Chemistry and Physics, Ouachita Baptist University, Arkadelphia, 
Arkansas, United States  

Recent evolutions in the field of biomaterials have focused on developing materials that can 
facilely interface with biological systems to treat or replace tissues or functions of the body. 
Natural polymers including polysaccharides have been investigated as suitable biomaterials 
to mimic the environment of body tissues and facilitate tissue regeneration. Chitosan, 
collagen, hyaluronic acid, and dermatan sulfate are water-soluble, natural molecules that 
have been used in applications such as cell scaffolding, drug delivery, and wound healing. 
Additionally, degradable and biocompatible aliphatic polyesters, such as polycaprolactones 
(PCLs), are of significant importance within the fields of tissue engineering, drug delivery, and 
biomedical implants. Caprolactone-based monomers can be synthesized with pendant 
functional groups to allow for the covalent attachment of biomimetic and bioactive moieties to 
further enhance the final polyester product. Electrospinning macromolecules like chitosan, 
collagen, hyaluronic acid, and dermatan sulfate as well as synthetic polymers yields 
nanofibers that have shown promise as tissue scaffolds. Modern wound healing treatments 
have capabilities including preventing infection and encouraging cell growth but little research 
has been published on the development of synthetic analogs to costly biomolecules. Our lab 
investigates the development of biomimetic polymers through the modification of 
commercially available polymeric backbones as well as the polymerization of functionalized 
monomers. It is anticipated that these biomimics will prove to be suitable materials for use in 
a variety of applications including wound healing. 

 

 
Electrospinning set up; inset is photomicrograph of electrospun biomimetic nanofibers 
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Bio-inspired autonomous self-healing elastomers for tissue engineering 

Mohamed A. Mohamed1,2, mm446@buffalo.edu, Masoud Zamani1, Stelios Andreadis1. (1) 
Chemical and Biological Engineering, University at Buffalo, Buffalo, New York, United States 
(2) Chemistry, Mansoura University Faculty of Science, Mansoura, Egypt  

Biological tissues such as skin, muscles, blood vessels, and cartilage exhibit innate self-
healing characteristics with fast initial self-healing after injuries in order of seconds to avoid 
excessive loss of body fluids. The self-healing time-scale of most of the reported materials is 
much longer than that of blood vessels. Designing a self-healing polymer that could heal 
quickly under physiological conditions while offering suitable biodegradability and comparable 
mechanical strength as native tissues is a great challenge. Here, we designed bio-inspired 
ultrafast self-healing polymer by incorporation of high density quadruple of H-bonding UPY 
side-chains into degradable polyurethane for potential use in tissue engineering. The 
elastomers showed ultrafast self-healing efficiency within 1 min. Water leakage assessment 
through a thin film punctured with G20, G22 and G26 needle showed instantaneous stop of 
leakage at simulated human blood pressure (200 mmHg/cm). The supramolecular self-
healing elastomers supported attachment, spreading and proliferation of endothelial cells 
(HUVECs) and smooth muscle cells (SMCs), indicating excellent platform-materials for 
construction of self-healing vascular grafts. The results suggested high-performance self-
healing biodegradable materials for development of biomimetic tissue engineering constructs. 
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Effects of chemical compositions on the mechanical properties of a stretchable 
hydrogel 

Rosa Maria Badani Prado, Anandavalli Varadarajan, Katherine Elmore, Satish Mishra, 
Santanu Kundu, santanukundu@gmail.com. Dave C Swalm School of Chemical 
Engineering, Mississippi State University, Mississippi State, Mississippi, United States  

Hydrogels mimicking the mechanical responses of biomaterials can lead to new applications 
of these materials. Resilin is a bioelastomer that can be found in the tissues of many species, 
allowing them to perform power amplified activities, including hopping of a froghopper, 
projection of a chameleon tongue, and appendage strike of a mantis shrimp. Developing a 
synthetic material with resilin-like properties requires high stretchability to store elastic 
energy, low hysteresis for high energy conversion, and high retraction velocity when released 
from a stretched state for power amplification. Here, we present the synthesis and 
characterization of hydrogels capable of mimicking some of these properties. These gels are 
synthesized through a single-step free-radical reaction of hydrophilic acrylic acid, 
methacrylamide, and hydrophobic poly(propylene glycol) diacrylate [PPGDA]. Here, the gel 
structures have similarities to resilin as the hydrophobic aggregates are connected through 
hydrophilic polymer chains. We have investigated the effect of monomer concentration and 
PPGDA concentration on the mechanical responses of these gels. The low-strain modulus of 
these gels can be tuned from 15 to150 kPa, and the stretchability from 2 to 11 times the 
original length. Also, these gels retract rapidly to their original length when released from a 
stretched state. A higher monomer concentration increases the gel stiffness but results in a 
decrease in stretchability. Similarly, higher concentrations of PPGDA increase the ultimate 
failure stress but decrease the stretchability of the gel. The stress responses of the gel are 
strain-rate dependent at lower concentrations of PPGDA. With an increase in monomer and 
PPGDA concentrations, the resilience and retraction capability increase. The stability of these 
gels at high salinity aqueous solutions opens up their applications in developing undersea 
soft-robotics, prosthetics, and engineered devices. 
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Biomaterials-based Composite Ink Formulations for Endoscopic Imaging Application 

Subhadeep Dutta1, sdutta21@asu.edu, Jordan Yaron2, Rahul Pannala3, Kaushal Rege2. (1) 
School of Molecular Sciences, Arizona State University, Tempe, Arizona, United States (2) 
School for Engineering of Matter, Transport, and Energy, Arizona State University, Tempe, 
Arizona, United States (3) Gastroenterology and Hepatology, Mayo Clinic Arizona, 
Scottsdale, Arizona, United States  

Endoscopic tattooing (or “Colon tattooing”) is a widely-used clinical technique to mark 
colorectal lesions for successive surgical resection or to facilitate follow-up of endoscopic 
resection site. The technique involves injecting a dark-colored (i.e., high contrast) ink into 
submucosal layer of the colon. Currently used inks, such as Spot-Ex® or India ink, are prone 
to many side effects like peritonitis, abscess formation. Spot-Ex® rapidly and substantially 
diffuses throughout the submucosal tissue, complicating the approximation of a tattoo with 
the intended lesion of interest. There is an unmet, significant need for new endoscopic tattoo 
inks which can (1) retain localization for improved follow-up accuracy and (2) do not induce 
toxic, inflammatory or fibrotic responses. We have generated novel biomaterial-based inks, 
formulated with (1) metal-derived nanoparticles (dextran-coated anionic Iron-oxide 
nanoparticles) as contrast agents and (2) mucoadhesive polymers (cationic chitosan-
derivatives) as a bioprotective coating and retention-mediating carrier. By modulating the 
ratio between contrast agent and polymer coating we have formulated a series of composite 
inks which was tested ex vivo in porcine intestinal tissue and demonstrate near-equivalent 
contrast quantification to commercially available inks while also exhibiting substantially 
improved-ability of spot localization. Preclinical studies in mice using subcutaneous injections 
with composite ink indicate in vivo efficacy for spot localization, contrast ability and 
biomaterials chemistry-dependent biocompatibility responses. These formulations represent 
a new generation of biocompatible endoscopic inks which will have measurable impacts on 
patient quality of life and procedural outcomes with a clear path to clinical translation. 

 
Schematics of action of the novel biomaterial-based Endoscopic Imaging Ink; developed by 
encapsulating Iron-oxide-based nanoparticles (used as contrast agent) with Chitosan-based polymers 
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End-Group modified bottlebrush copolymers to deliver active pharmaceutical 
ingredients 

Monica L. Ohnsorg1, ohnso008@umn.edu, Kaylee Barr2, Apoorva Sarode3, Karthik 
Nagapudi3, Frank S. Bates2, Theresa M. Reineke1. (1) Chemistry, University of Minnesota 
Twin Cities, Minneapolis, Minnesota, United States (2) Chemical Engineering and Materials 
Science, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (3) 
Genentech Inc, South San Francisco, California, United States  

Bottlebrush polymers have great potential as vehicles to noncovalently sequester, stabilize, 
and deliver active pharmaceutical ingredients for oral drug delivery. To this end, bottlebrush 
copolymers of poly(N-isopropylacrylamide-stat-N,N-dimethylacrylamide) (PND) have been 
synthesized to be used as polymer excipients to promote the solubilization and prevent the 
crystallization of small molecule therapeutics using polymer amorphous spray-dried 
dispersions (PASDs). Post-polymerization end-group modification of the PND bottlebrush 
copolymer side chains, modulated the hydrophilicity and thermoresponsive properties that 
were optimized to solubilize an orally administered antiseizure medication and breast cancer 
therapeutic. The bottlebrushes were observed to solubilize the drugs in solution as 
unimolecular drug-loaded nanoparticles at drug loadings of 25wt% and higher using dynamic 
light scattering and cryogenic transmission electron microscopy. It has been widely observed 
that effective PASDs assemble into amorphous nanostructures in solution to solubilize small-
molecule actives. However, it has yet to be well understood how the formation of liquid-liquid 
phase separated nanodroplets vs. amorphous drug-polymer nanoparticles impacts the 
bioavailability of small molecule actives. Therefore, we thoroughly characterized the 
phenotype of amorphous nanostructures formed in solution during ASD dissolution between 
an orally administered breast cancer therapeutic, GDC-0810, and a library of commercial 
linear polymer and end-group modified bottlebrush copolymer excipients. The resulting 
insight was then used to interpret the differences in bioavailability observed through in vivo 
pharmacokinetic studies and in vitro permeation assays as a function of nanostructure 
formation. 
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Biomimetic hydrogels for the sustained delivery of GLP-1 analogues to improve 
treatment of diabetes 

Andrea I. dAquino1, andreadaquino2019@u.northwestern.edu, Caitlin Maikawa2, Leslee 
Nguyen3, Katie Lu2, Ian Hall2, Eric A. Appel1. (1) Materials Science & Engineering, Stanford 
University, Stanford, California, United States (2) Bioengineering, Stanford University, 
Stanford, California, United States (3) Biochemistry, Stanford University, Stanford, California, 
United States  

The most challenging aspect of optimal glycemic control for the 118 million people in the US 
living with diabetes is impaired regulation of hepatic glucose production, which eventually 
leads to β-cell failure. Current insulin treatments are highly burdensome, resulting in poor 
patient compliance, and can cause dangerous hypoglycemic events. In contrast, treatment 
strategies based on glucagon-like peptide-1 (GLP-1), an incretin hormone secreted from the 
intestinal L-cells after ingestion of carbohydrates, reduce the risk of hypoglycemia by 
stimulating insulin and decreasing glucagon secretion in a glucose-dependent manner. As 
GLP-1 is rapidly degraded in the body, various GLP-1 receptor agonists (GLP-1 RAs) have 
been developed and approved for clinical use. Similar to endogenous GLP-1, GLP-1 RAs 
lower endogenous glucose production without the risk of hypoglycemic events and, 
importantly, expand insulin-secreting β-cell mass and restore the native ability of patients to 
regulate glycemia. Unfortunately, current GLP-1 RAs must be injected either daily or weekly, 
which results in significant patient burden and reduced patient compliance. Missing even one 
injection has important longitudinal effects as it takes several injections to return to 
therapeutic serum concentrations. New formulation approaches are needed to prolong 
therapeutic GLP-1 RA delivery to maintain therapeutic concentrations over the course of 
months per administration. Our work is aimed at developing an injectable hydrogel depot 
technology for the prolonged delivery of GLP-1 RAs to enable a transformational new 
treatment for diabetes that reduces patient burden and improves disease management. We 
have developed a novel injectable hydrogel technology that forms through supramolecular 
interactions between polymeric nanoparticles and modified hydroxypropyl methylcellulose 
polymers. This hydrogel sustains release of therapeutic protein cargo over the course of 
months from a localized depot following subcutaneous administration. This injectable depot 
technology will enable a long-acting GLP-1 RA formulation, providing 4-months of therapy per 
administration. 

 
Injectable hydrogels form through supramolecular interactions between polymeric nanoparticles and 
modified hydroxypropyl methylcellulose.  
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Poly(2-methyl-2-oxazoline) modification of bovine pericardial bioprosthetic heart valve 
leaflets mitigates protein-glycation associated structural degeneration 

Andrey Zakharchenko1, zakharchea@email.chop.edu, Samuel Keeney1, Ivan Alferiev1, 
Michael Chorny1, Yingfei Xue2, Hajime Takano1, Stanely Stachelek1, Giovanni Ferrari2, 
Robert Levy1. (1) The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, United 
States (2) Columbia University, New York, New York, United States  

Bioprosthetic heart valves (BHV) fabricated from glutaraldehyde treated heterograft tissue, 
such as bovine pericardium (BP), are widely used to treat heart valve disease. BHV 
dysfunction from structural valve degeneration (SVD) develops over time, often necessitating 
device replacement. SVD is associated with both calcification and the accumulation of 
advanced glycation endproducts (AGE) and serum proteins within BHV leaflets. 

We hypothesized that BP modified through covalent attachment of poly(2-methyl-2-oxazoline) 
(POZ) to limit protein entry, would diminish accumulation of AGE and serum proteins, thereby 
preserving valve hydrodynamics. In vitro studies demonstrated that POZ modification of BP 
mitigated the accumulation of serum albumin and AGE. BP-POZ demonstrated preserved 
collagen microarchitecture per 2-photon microscopy, and in cell culture studies was 
associated with no change in TNFα after exposure to AGE and activated macrophages. 

Comparing POZ and polyethylene glycol (PEG) modified BP in vitro, BP-POZ was minimally 
affected by oxidative conditions, whereas BP-PEG was susceptible to oxidative deterioration. 
In juvenile rat subdermal implants, BP-POZ demonstrated reduced AGE formation and serum 
albumin infiltration, while calcification was not affected. Additionally, BP-POZ with ethanol 
pre-treatment was effective at reducing concomitantly, but independently, both AGE and 
calcification. In ex vivo studies BP-POZ demonstrated thromboresistance using human blood 
under high shear laminar flow conditions. 

Furthermore, POZ functionalization of tri-leaflet BHV mitigated hydrodynamic dysfunction in 
aortic valve pulse duplicator studies, following exposure to accelerated glycation conditions. 
We conclude that SVD associated with AGE and serum protein accumulation can be 
effectively mitigated through POZ functionalization, that does not interfere with ethanol 
pretreatment inhibition of BP calcification. 
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Gaining independent control over molecular structure and morphology with ring 
opening polymerization-induced crystallization-driven self-assembly 

Paul J. Hurst, pauljoshua.h@gmail.com, Annissa Graham, Joe Patterson. Department of 
Chemistry, University of California Irvine, Irvine, California, United States  

The synthesis and self-assembly of block copolymers into 1D, 2D and 3D nano- and 
microstructures is of great interest for a wide range of applications such as drug delivery, 
catalysis and filtration. A key challenge in this field is obtaining independent control over 
molecular structure and hierarchical structure in all dimensions using scalable one-pot 
chemistry. To address this challenge, we report on the ring opening polymerization-induced 
crystallization-driven self-assembly (ROPI-CDSA) of polyester-based block copolymers into 
1D, 2D and 3D nanostructures with 10-20% solids weight. A key feature of ROPI-CDSA is 
that the polymerization time is generally much shorter than the crystallization-driven self-
assembly relaxation time, resulting in a non-equilibrium self-assembly process. The self-
assembly mechanism is analyzed by cryo-transmission electron microscopy, wide-angle x-
ray scattering, Fourier transform infrared spectroscopy, and turbidity studies. Resultant 
organogels were further studied with scanning electron microscopy and rheology. The 
analysis revealed that the self-assembly mechanism is dependent on both the polymer 
molecular structure and concentration. Knowledge of the self-assembly mechanism enabled 
the kinetic trapping of multiple hierarchical structures from a single block copolymer. The non-
equilibrium nature of the self-assembly process was studied by modifying the polymerization 
kinetics using variety of ring-opening catalysts. Modification of the polymerization process 
leads to different outcomes in structural and morphological properties, with slower 
polymerizations resulting in stronger gels. This research greatly expands the dimensionality 
of existing polymerization-induced self-assembly processes by allowing for independent 
control over the morphological structure, irrespective of the molecular structure. Additionally, 
mechanistic knowledge and synthetic variation of catalyst and polymer is being applied to 
make colloidal suspensions and bulk materials for a variety of drug delivery applications from 
conjugation to sutures. 
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Synthesis of degradable polymers via metathesis reaction of ruthenium fischer 
carbenes 

Xuelin Sui, xsui34@gatech.edu, Will Gutekunst. Georgia Institute of Technology, Atlanta, 
Georgia, United States  

Degradable polymers are an important field of research in polymer science and have been 
used in a wide range of applications including (nano)medicine, microelectronics, and 
environmental protection. As one of the most efficient methods to construct olefinic polymers, 
ring-opening metathesis polymerization (ROMP) can endow the obtained polymers with an 
impressive range of functionalities, but the materials are usually persistent in the environment 
due to the high stability of all carbon backbone. Ruthenium Fischer-type carbenes have 
usually been demonstrated as inactive species in metathesis reactions and are frequently 
regarded as inert species in ring-opening metathesis polymerization. In this presentation, 
these complexes play a crucial role in cascade alternating ring-opening metathesis 
polymerization targeting to generate degradable poly(enol ether)s. When enyne or acyclic 
diyne monomers are combined with low-strain cyclic enol ethers, a controlled chain-growth 
copolymerization occurs resulting in degradable polymers decorated by hydrolytically labile 
enol ether backbones with high degrees of alternation (>90% alternating dyads), low 
dispersities, and targetable molecular weights. Due to the controlled behavior, this 
methodology is amenable to the synthesis of alternating diblock polymers with combinations 
of enyne-enyne or diyne-enyne blocks. All the obtained polymers can be degraded into small-
molecule fragments under aqueous acidic conditions. This work furthers the potential of 
Fischer-type ruthenium alkylidenes in polymerization strategies and presents new avenues 
for the generation of functional metathesis materials. 
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Approaches to stereocontrol in metal free ring-opening metathesis polymerization 

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

Ring-opening metathesis polymerization (ROMP) is one of the most widely used strategies 
for controlled polymerizations. Although metal alkylidene initiators enable the synthesis of 
functional polymers with excellent stereocontrol, residual metal contamination and high costs 
of metal reagents are major limitations of ROMP. In a departure from traditional metal 
initiators, our group recently reported a metal free variant of ROMP (MF-ROMP) which 
utilizes enol ether initiators, and organic photocatalysts to achieve ROMP via radical cationic 
intermediates. Within the unique mechanism of MF-ROMP, we have discovered that ion-
pairing interactions provide a means to impart stereocontrol during polymerization. During 
this talk, we will describe our initial discovery of stereocontrol in MF-ROMP and discuss our 
mechanistic hypotheses. Key parameters include examination of enol ether influences, 
pyrylium counteranion structure reactivity relationships, and solvent effects. We will conclude 
with a discussion about the materials properties of stereocontrolled MF-ROMP products. 
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Design and synthesis of mixed-graft block copolymers for the next generation 
multifunctional materials 

Ruiqi Liang, ruiqi.liang@yale.edu, Mingjiang Zhong. Chemical Engineering, Yale University, 
New Haven, Connecticut, United States  

Bottom-up self-assembly of molecular building blocks to form hierarchical nanostructures 
across a broad range of length scales holds great promise for the synthesis of next-
generation multi-functional materials. In this presentation, a synthetic platform for the 
preparation of multi-component graft block copolymers (GBCPs) as compositionally 
anisotropic molecular building blocks will be introduced for hierarchical self-assembly. For 
instance, a series of (A-branch-B)n-block-Cm GBCPs were synthesized by sequential ring-
opening metathesis polymerization of “A-branch-B” and “C” macromonomers (MMs), where 
“A-branch-B” represents a branched MM containing a polymerizable norbornene group 
tethered with both A and B polymer chains. The chemical incompatibility of A and B side 
chains results in intramolecular phase separation, creating a pre-organized interface of A- 
and B-rich substructure with an interface normal to the backbone. The C-grafted block forms 
a superstructure with the A/B-grafted block with a spatial periodicity determined by the 
characteristic length of the backbone. Four distinct hierarchical morphologies including 
lamellae-in-lamellae, lamellae-in-cylinders, cylinders-in-lamellae, and cylinders-in-cylinders 
were readily prepared by varying the lengths of the backbone or side chains. The impact of 
composition, molecular dimension, and environment on the resulting super- and 
substructures was studied by X-ray scattering and electron microscopy. (A-branch-B)n-block-
(A-branch-C)m and (A-branch-B)n-block-(C-branch-D)m type GBCPs were also prepared with 
hierarchical morphologies containing hetero-substructures. A more scalable synthetic route 
that employs random copolymerization of monofunctionalized A and B MMs for the formation 
of the A/B-grafted block was also developed and the self-assembly behaviors were compared 
with the previous GBCPs containing A-branch-B MM. 
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Synthesis of high tech contrast poly(3-hydroxystyrene)-based triblock copolymers for 
sub-5 nm features 

Jian Sun1, jsun236@wisc.edu, Changyeon Lee2, Chinedum O. Osuji2, Padma Gopalan1. (1) 
University of Wisconsin-Madison, Madison, Wisconsin, United States (2) University of 
Pennsylvania, Philadelphia, Pennsylvania, United States  

Block copolymer (BCP) materials and their self-assembly has been widely studied in the last 
two decades. BCPs are advantageous in generating periodic patterns at nanoscale over 
large areas as well as providing access to a wide range of morphologies and size of features. 
Hence, BCPs are considered to be a promising candidate for microelectronics as sub-10 nm 
feature sizes can be achieved in a scalable and cost-effective manner. Herein, we 
demonstrate the synthesis and self-assembly of poly(3-hydroxystyrene)-b-poly-
(dimethylsiloxane)-b-poly(3-hydroxystyrene) (P3HS-b-PDMS-b-P3HS) triblock copolymers. 
The incorporation of P3HS and PDMS dramatically increases the effective interaction 
parameter and offers inherent etch contrast between the blocks. The triblock architecture also 
has a higher tendency towards forming perpendicular nanostructures compared with the 
diblocks. Hydroxy-terminated PDMS polymers were functionalized to initiate the atom transfer 
radical polymerization of an acetal protected 3-hydroxystyrene monomer. The target triblocks 
were achieved after a subsequent deprotection of the acetal group under mild acidic 
condition. The resulting triblocks have dispersities ranging from 1.10 to 1.26 and the 
synthesis provides robust control over molecular weights and volume fractions. The large 
chemical incompatibility of the blocks enabled the formation of ordered structures at low 
molecular weights that yielded lamellar periodicities as small as 9.3 nm. Smaller dimensions 
were obtained by triblocks than that of diblocks with similar molecular weights. The phase 
diagram of this triblock was mapped out based on the volume fractions and morphologies. 
The lamellar and cylinder morphology windows were observed at lower volume fractions of 
the P3HS block, relative to the diblocks. This phase diagram shift is ascribed to the dispersity 
of the middle block relative to the end blocks, which was confirmed by cleaving and 
characterizing the end blocks. Thin-film study on diblock and triblock also confirmed the 
advantages of triblock architecture for thin-film assembly. 
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Optimization of direct arylation polymerization for the synthesis of low bandgap 
thieno[3,4-b]pyrazine-acceptor copolymers 

Evan W. Culver, culver.evan@gmail.com, Seth C. Rasmussen. Chemistry and Biochemistry, 
North Dakota State University, Fargo, North Dakota, United States  

As the demand for new materials in organic electronic devices (photovoltaics, field effect 
transistors, etc.) continues to grow, the routes by which these materials are synthesized 
becomes increasingly important in order to maximize their utility. This also brings a need for 
these procedures to become increasingly green in terms of the reagents used, the amount of 
waste produced, and the total number of synthetic steps. For conjugated polymeric materials, 
a current synthetic method that has shown promise in all these aspects is direct arylation 
polymerization (DArP). DArP has shown significant improvements over Stille, Suzuki, 
Negishi, Kumada, and Grignard metathesis by removing the need for stoichiometric 
quantities of reactive main group elements prior to cross-coupling, limiting the amount of toxic 
byproducts and waste, and reducing the overall number of steps in the reaction sequence. 
2,3-Alkyl functionalized thieno[3,4-b]pyrazine (TP) has been shown to be an excellent 
candidate in the synthesis of alternating copolymers via DArP due to the existence of only 
two C-H bonds available for activation, which are also suitably acidic. When paired with other 
acceptors, TP produces remarkably low band gap (Eg) copolymers as low as 0.97 eV. This 
level of bandgap reduction is on the scale of some of the lowest Eg via alternating donor-
acceptor copolymers to date and provides evidence of the significant electron-donating 
capabilities of the TP unit. This presentation will outline the modifications of DArP required to 
produce low Eg TP-acceptor copolymers, while highlighting that these conditions can be 
applied to a variety of dibromo-acceptor precursors without additional adjustments. Additional 
specifics such as solubility enhancement due to side chain tuning and the resulting physical 
and electronic properties of the polymers produced will also be discussed. 
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Monodisperse polymer-ligated nanocrystals: From synthesis to dimension-dependent 
physical properties 

Shuang Liang1, sliang62@gatech.edu, Zhiqun Lin2. (1) School of Chemical and 
Biomolecular Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States 
(2) School of Materials Science and Engineering, Georgia Institute of Technology, Atlanta, 
Georgia, United States  

Despite recent progress in synthesis and utility of semiconducting nanoparticles (NPs) due to 
their intriguing optoelectronic properties, the compositional instability of some of them 
remains a great challenge for their practical applications. Herein, we report a unique strategy 
via capitalizing on a set of star-like block copolymers as nanoreactors for in situ crafting of 
uniform semiconducting NPs with readily tailored sizes, surface chemistry, optoelectronic 
properties, and more importantly, an array of markedly enhanced stabilities. The diameter of 
the resulting NPs can be conveniently tuned by regulating the molecular weight of the inner 
hydrophilic blocks of star-like block copolymers. The intimate and permanent tethering of the 
outer blocks of star-like block copolymers on the surface of semiconducting NPs imparts their 
effective dispersion in both the solution and dry state. Intriguingly, judiciously alternating the 
compositions and chain lengths of the outer blocks of the star-like block copolymers renders 
controllable, remarkably improved stability and additional functionality of semiconducting 
NPs. On the other hand, the incorporation of conjugated polymer connected outside 
semiconducting NPs manifested efficient separation of photogenerated charge carriers at 
their interfaces due to the appropriate electronic band alignment between conjugated polymer 
and semiconducting NPs. As a result, the polymer-ligated semiconducting NPs with both 
enhanced stability and efficient charge carriers separation can be utilized in novel application 
that previously hindered by their intrinsic instability, for instance, photo-induced 
polymerization. In principle, our star-like block copolymer nanoreactor strategy can be easily 
extended to synthesize functional NPs other than semiconductors for investigation into their 
dimension-dependent physical properties and self-assembly as well as various applications. 

 

 
  



~ 86 ~ 
 

SPRING 2022, ACS NATIONAL MEETING – POLY GRAPHICAL ABSTRACT 

Effect of content and polarity on the crystallization of long-spaced aliphatic polymers 
with polar functional groups 

Stephanie F. Marxsen1, sfm13@my.fsu.edu, Manuel Haeussler2, Stefan Mecking2, Rufina 
G. Alamo1. (1) Department of Chemical and Biomedical Engineering, Florida State University, 
Tallahassee, Florida, United States (2) Department of Chemistry, Universitat Konstanz, 
Konstanz, Baden-Württemberg, Germany  

We investigate the comparative self-assembly, crystalline structure and morphology, and 
crystallization kinetics of three sets of bio–sourced, polyethylene–like polymers, including 
polyesters (PEs), polycarbonates (PCs), and polyacetals (PAs) with aliphatic sequences 
between precisely placed functional groups (FGs) ranging in length from 18 to 48 methylene 
(CH2) groups. We quantify the polarity of each FG in terms of the solubility parameter and 
demonstrate that melting and crystallization temperatures increase with increasing FG 
interaction strength (PE > PC > PA) and decrease with increasing FG content. All form 
lamellar crystals with FGs incorporated in planar layers, evidenced by the presence of layer 
reflections in the X–ray patterns. PEs and PCs have an isomorphic, polyethylene–like unit 
cell. In contrast, PAs develop multiple crystalline polymorphic forms depending on the 
crystallization temperature. Polyethylene–like packing in PEs and PCs is enabled by dipole–
dipole interactions between FGs of adjacent chains, which serve to compensate for the 
enthalpic penalty introduced by the presence of FGs in the crystals. The relatively weaker 
interactions as well as the drive for gauche bonding in acetal groups lead to a different unit 
cell in PAs. For the same undercooling and FG content, PEs tend to crystallize faster than 
PCs, indicating that stronger FG interactions enhance crystallization kinetics. PAs crystallize 
at lower temperatures than either PCs or PEs, suggesting that the weaker FG interactions in 
PAs slow crystallization. In general, crystallization rates are normalized when compared at 
the same undercooling for the same FG type, indicating that FG polarity, rather than content, 
is the dominant factor controlling crystallization kinetics. Unusual inversions in the 
crystallization rate at low undercooling with crystallization temperature observed in PEs and 
PAs will be discussed. 
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Thermomechanical properties of poly(ethylene glycol)-Based segmented Ionenes with 
two structurally different hard segments 

Jae Sang Lee2, jlee570@asu.edu, Mehrnoosh Taghavimehr1, Reza Montazami1, Matthew 
Green2. (1) Mechanical Engineering, Iowa State University College of Engineering, Armes, 
Iowa, United States (2) Chemical Engineering, Arizona State University Ira A Fulton Schools 
of Engineering, Tempe, Arizona, United States  

Ionenes are ion-containing polymers that have charges in their backbone rather than on 
pendant sites. Segmented ionenes behave like an elastomer, similar to elastomeric 
polyurethane, by having alternating hard and soft segments along the backbone. This work 
described the influence of structural difference of hard segments, linear and heterocyclic 
aliphatic amines, as well as the weight fraction of soft segments on the thermomechanical 
properties, elasticity, and microphase separation of poly(ethylene glycol) (PEG)-based 
ionenes. Step-growth polymerization via the Menshutkin reaction of aliphatic and aromatic 
ditertiary amines with dihalides afforded the synthesis of PEG-based ionene random block 
copolymers. 1H NMR spectroscopy confirmed the successful synthesis of PEG-2k dibromide 
oligomers and segmented ionenes. DSC and XRD revealed that DABCO-based ionenes 
have higher purity of PEG crystallites compared to aliphatic ionenes, and 75 wt% of soft 
segment triggered soft-hard mixing in both aliphatic and DABCO hard segments. TGA 
showed that both aliphatic and DABCO-based ionenes were thermally stable up to 250 °C 
and the possible crosslinking of DABCO upon exposure to elevated temperatures for 
DABCO-based ionenes. DMA revealed that DABCO-based ionenes possess superior 
elastomeric behavior compared to aliphatic ionenes at all weight fractions, possibly due to the 
better ionic aggregation and microphase separation. AFM confirmed the presence of 
microphase separated morphology with both aliphatic and DABCO-based ionenes having 25 
wt% of the soft segment, which showed a better degree of phase separation among different 
weight fractions. Uniaxial tensile analysis showed that the elongation of PEG-based ionenes 
is highly dependent on the melting temperature of the PEG crystallites. Thus, these findings 
improve our understanding of microphase separated segmented ionene elastomers for a 
diverse set of applications. 

 

 
Figure 1. Structures of poly(ethylene glycol)-based segmented ionenes with aliphatic and DABCO hard segments. XX 
refers to 25, 50, and 75 which are corresponding to the overall weight fractions of the soft segment. 

  



~ 88 ~ 
 

SPRING 2022, ACS NATIONAL MEETING – POLY GRAPHICAL ABSTRACT 

Dynamics and thermodynamics of polymer in nanoparticle packings under varying 
humidity conditions 

R Bharath Venkatesh, rbharath@seas.upenn.edu, Daeyeon Lee. Chemical and 
Biomolecular Engineering, University of Pennsylvania, Philadelphia, Pennsylvania, United 
States  

Infiltration of polymers into nanoparticle packings has emerged as a powerful strategy to 
prepare highly loaded composites with superb mechanical and transport properties. The high 
surface energy of the nanoparticles as well as the high curvature of the pores give rise to 
complex interaction of nanoparticle packings with polymer and water. Leaching-enabled 
capillary rise infiltration (LeCaRI) is a novel technique of making polymer composites by 
inducing the motion of mobile polymers from polymer-filled gels into nanoparticle packing. 
This presentation will describe dynamics and thermodynamics of polymer infiltrated into 
nanoparticle packings via LeCaRI under varying humidity conditions. A hydrophobic low 
glass transition temperature polymer, polydimethylsiloxane (PDMS), is loaded into a PDMS 
elastomer. The PDMS-filled elastomer is contacted with a packing of SiO2 nanoparticles to 
induce infiltration of PDMS into the pores of the SiO2 nanoparticle packing by capillary forces. 
Atmospheric humidity controls the amount of polymer infiltrated in the pores due to 
capillary condensation of water. When polymer infiltration is localized by using patterned 
PDMS stamps, polymer can then spread laterally to unfilled regions. This room 
temperature, spontaneous lateral motion of polymer can be tracked to understand interfacial 
polymer diffusion under confinement. Results on polymer diffusivity inside silica particle 
packings shows that higher humidity, unexpectedly, leads to faster spreading of the 
polymers within the packings possibly due to reduced particle-polymer friction with water 
coverage on particle surface. Finally, when the polymer-filled nanoparticle packings are 
exposed to humid atmosphere, heterogeneity in film surface composition along with unique 
nanostructures at the surface leads to spontaneous drop-wise condensation of water 
without any subcooling. 
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Aligned micropatterning of Ti3C2Tx MXene on polymer pattern via hybrid additive 
manufacturing 

Sayli Jambhulkar1, sjambhul@asu.edu, weiheng xu1, Dharneedar Ravichandran1, Yuxiang 
Zhu1, Kenan Song2. (1) The Polytechnic School, Arizona State University, Tempe, Arizona, 
United States (2) Manufacturing Engineering, Arizona State University, Tempe, Arizona, 
United States  

The controlled alignment of stacked MXene (Ti3C2Tx) with nano to microscale patterning on 
complex 3D architectures is essential for tuning the functional properties of the composite 
structures. In this work, the rapid and scalable method to fabricate well-aligned thin film of 
MXene by combining μCLIP 3D printing and capillary-driven self-assembly technique has 
been studied. For deposition, single/multi-layered MXene flakes solution was confined into 
microchannels via capillary action leading to the formation of highly ordered and aligned 
MXene film. During the evaporation-drying process, the solid-liquid-air contact line is molded 
by the shape of the gratings, and the nanoparticle experiences various long-range and short-
range microfluidic forces which promote the layer-by-layer deposition of nanoparticles. The 
stacked film displayed strong plane to plane and out-of-plane adherence, with anisotropic 
electronic properties. The 3D printed template enables a large area deposition of MXene on 
complex architecture while protecting film structure from mechanical deformations. The 
device demonstrated high sensitivity, wide sensing range, and excellent durability, suitable 
for the piezoresistive sensor. This synergistic approach shows potential for nanomaterial 
assembly and broad applications, such as structural composites, sensors, actuators, 
human−machine interfaces, cryptosecurity, and soft robotics. 

 
 
Schematic of the hybrid 3D printing 
combining (a) the surface patterning via 
mCLIP (CCD: Charge-coupled device, BS: 
Birefringence system, UV: Ultraviolet) with 
the (b) surface topography of micro features 
like microchannels and reservoir on the 
substrate and (c) DIW of MXene/ethanol ink 
for directed MXene assembly with anisotropic 
deposition and preferential alignment. (d) 
Schematic for the alignment mechanism with 
micro force balances between the shear from 
the ink flow (Fc1), gravity (Fg), drag force 
(Fd), capillarity (Fc2), and Van der Waals 
(Fvdw) between adjacent layers (Ln). 
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Dictating particle packing symmetry in diblock/core-homopolymer blends with 
homopolymer length 

Andreas Mueller1, Muel0467@umn.edu, Aaron Lindsay1, Steven Weigand3, Timothy P. 
Lodge2, Mahesh K. Mahanthappa1, Frank S. Bates1. (1) Chemical Engineering and Materials 
Science, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (2) Dept 
Chem Koltoff Smith Halls, University of Minnesota Twin Cities, Minneapolis, Minnesota, 
United States (3) DND-CAT, Argonne National Laboratory Advanced Photon Source, 
Lemont, Illinois, United States  

Recently, various block copolymer blending strategies have demonstrated that Frank-Kasper 
(FK) phases represent equilibrium states in particle forming block copolymers (BCP). Close 
examinations of the symmetry selection between this diverse set of energetically near-
degenerate particle packings provides an unrivaled look into the nuances of BCP self-
assembly. Building on our recent report of the ability of core-homopolymer/diblock blends to 
generate FK phases, we sought to investigate the impact of homopolymer molecular weight 
on the symmetry of the resultant particle packings. We blended a FK-phase forming Spring 
2022, ACS National Meeting - POLY Graphical Abstract(ethylene oxide-block-2-ethyl hexyl 
acrylate) (PEO-P(2-EHA)) diblock with Spring 2022, ACS National Meeting - POLY Graphical 
Abstract(ethylene oxide) (PEO) homopolymers across a range of molecular weights. 
Temperature dependent synchrotron small angle X-ray scattering indicated a strong 
dependence of particle packing symmetry on homopolymer molecular weight. Namely, FK 
phases with lower volume asymmetry between constituent particles such as sigma was 
favored for blends with lower molecular weight homopolymers whereas high volume 
asymmetry phases such as the Laves C14 and C15 lattices were favored for blends with 
higher molecular weight homopolymers. These results may be rationalized in terms of the 
homopolymer distribution within each of these particle packings, demonstrating that 
homopolymers are a tool in the formation of FK phases and offer control over which particle 
packing arises. 
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Stimuli-responsive polymeric nanomaterials via liquid-cell transmission electron 
microscopy 

Joanna Korpanty1, joannakorpanty2023@u.northwestern.edu, Lucas Parent3, Nicholas 
Hampu1, Steven Weigand2, Nathan C. Gianneschi1. (1) Chemistry, Northwestern University, 
Evanston, Illinois, United States (2) Argonne National Laboratory, Lemont, Illinois, United 
States (3) Chemistry, University of Connecticut, Storrs, Connecticut, United States  

Thermoresponsive polymers are used in numerous technological applications, including 
biomedicine, insulator materials, and tissue engineering. Despite their wide use, we lack well-
established, direct techniques for elucidating their elevated temperature, solution-phase, 
nanoscale morphologies and dynamics. Presently, the accepted workflow for analyzing these 
materials at elevated temperatures consists of scattering techniques with static imaging via 
electron microscopy. However, scattering techniques require raw data to be fit to models, 
often creating challenges in assigning nanostructure morphologies. Alternatively, direct 
imaging by traditional transmission electron microscopy (TEM) methods at temperature is 
typically not feasible for nanomaterials that can undergo thermally-reversible transitions. 

To address this unmet need in the fields of nano and polymer science, we examined 
thermoresponsive polymeric materials by variable temperature liquid-cell TEM (VT-LCTEM), 
a nascent technique for imaging solvated nanomaterials and their dynamics with heating 
capabilities. We studied phase transitions of thermoresponsive poly(diethylene glycol methyl 
ether methacrylate) (PDEGMA)-based polymers, specifically a homopolymer, diblock, and 
triblock. We mitigated sample damage by screening imaging and solvent conditions during 
LCTEM and evaluated polymer survival via matrix-assisted laser desorption/ionization 
imaging mass spectrometry (MALDI-IMS). Additionally, we employed variable temperature 
small angle X-ray scattering (VT-SAXS) to correlate LCTEM data. Our multimodal approach, 
utilizing VT-LCTEM with MS validation and VT-SAXS, is generalizable across polymeric 
systems and can be used to study solvated nanomaterials and thermally-induced transitions. 
Moreover, utilizing SAXS with LCTEM provided direct insight into transient nanoscale 
intermediates formed during the thermally-triggered transformation of a PDEGMA-based 
triblock. Notably, we observed the temperature-triggered formation and slow relaxation of 
core-shell particles with complex microphase separation by both techniques. 

 
Multimodal study of thermoresponsive polymeric nano-assemblies. 
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Sorption and permeation of H2S, CO2, CH4, and N2 in amine-functionalized microporous 
polymers 

Katherine Mizrahi Rodriguez1, katmiz@mit.edu, Pablo Dean2, sheng guo3, Naksha Roy2, 
Zachary P. Smith2, Timothy M. Swager3. (1) Department of Materials Science and 
Engineering, Massachusetts Institute of Technology, Cambridge, Massachusetts, United 
States (2) Chemical Engineering, Massachusetts Institute of Technology, Cambridge, 
Massachusetts, United States (3) Chemistry, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

Polymers of intrinsic microporosity (PIMs) have shown excellent pure-gas separation 
performance due to their rigid backbones, inefficient packing, and high free volume. Their 
out-of-equilibrium packing structures, however, make PIMs susceptible to aging and 
plasticization. We recently reported mixed-gas and high-pressure transport properties of six 
functionalized PIMs. Low-pressure mixed-gas tests indicated a relationship between CO2 
sorption affinity and increased CO2/CH4 mixed-gas selectivity compared to pure-gas 
calculations for PIMs considered. The best results were found for amine-functionalized PIM-1 
(PIM-NH2), which shows a 2.4- and 3.5-fold increase in mixed-gas CO2/CH4 and CO2/N2 
selectivity, respectively. PIM-NH2 also retained high mixed-gas selectivity up to a total mixed-
gas pressure of 26 bar. Our results demonstrated the promise of amine functionalization for 
developing sorption-selective and plasticization-resistant membranes for gas separations. 

Here, we probe the generalizability of our findings by synthesizing an amine-functionalized 
microporous polymer based on a poly(aryl ether) (PAE) backbone (Fig. 1). PAE-NH2 shows 
increases in mixed-gas selectivities (compared to pure-gas) similar to those observed for 
PIM-NH2. Moreover, pure-gas CO2 sorption for PAE-NH2 was significantly higher than that of 
PAE-CN, which suggests that increases in mixed-gas performance were driven by sorption. 
The strength of the CO2-polymer interactions were quantified through calculation of isosteric 
heats of sorption for CO2 in PIM-1, PIM-NH2, PAE-CN, and PAE-NH2. Amine-functionalized 
samples showed significantly more exothermic interactions compared to those of nitrile-
functionalized analogues, indicating stronger interactions for the amine with CO2. Additionally, 
PAE-NH2 showed exceptional plasticization resistance up to a total mixed-gas pressure of 26 
bar. Finally, the H2S sorption capacity of all four samples was tested. Interestingly, compared 
to nitrile-functionalized analogues, amine-functionalized samples did not show as strong of an 
affinity increase with H2S as was observed with CO2. 
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Explorations of discrete polymer platforms for evaluating the structure-property 
relationship of polymer-protein conjugates 

Wencong Wang, wencong@mit.edu, Yivan Jiang, Hung Nguyen, Bin Liu, Manuel Hartweg, 
Zhihao Huang, Masamichi Shirakura, Ke Qin, Jeremiah A. Johnson. Massachusetts Institute 
of Technology, Cambridge, Massachusetts, United States  

Polymer-protein conjugates significantly improve the bioavailability of therapeutic proteins; 
however, systematic evaluations of how distinct structural parameters of polymers effect the 
bioactivities of the conjugated proteins remain challenging due to the formation of a 
heterogeneous mixture of final conjugates using polymers with dispersity (e.g., PEG, etc.). To 
solve this long-standing problem, we developed a new class of discrete polymer-protein 
conjugates with full control over the conjugation site on proteins and structural parameters of 
the conjugated polymers, which were synthesized via an efficient, scalable, and convergent 
strategy–iterative exponential growth (IEG)–for obtaining polymers with defined 
stereochemistry, length, rigidity, and functionality. The uniform construction of our discrete 
polymer-protein conjugates enabled systematic evaluation of the structural impact on protein 
bioactivities and provided a new approach of controlling biomaterial properties. Therefore, it 
could potentially serve as a guidance for future protein conjugates drug design to achieve 
high therapeutic efficacy and excellent long-term stability. 
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Self-assembly behavior of functional polycaprolactones 

Hanghang Wang, hxw170930@utdallas.edu, Erika L. Calubaquib, Michael C. Biewer, 
Mihaela C. Stefan. Chemistry and Biochemistry, The University of Texas at Dallas, 
Richardson, Texas, United States  

Amphiphilic homo polycaprolactones (PCLs) having di-, tri-, tetra(ethylene glycol) (ME2, ME3, 
ME4) mono functional groups and a tri(ethylene glycol)/dodecyl (ME3DD) di functional group 
were synthesized by ring opening polymerization (ROP) of the corresponding γ-functionalized 
ε-caprolactone (CL) monomers. All the homopolymers formed spherical micelles in aqueous 
media with variable sizes between 73.2 nm-152.0 nm. The critical micelle concentration 
(CMC) for PME2CL, PME3CL, PME4CL, and PME3DDCL were 2.2 × 10−1, 2.4 × 10−1, 3.7 × 
10−1 gL−1, and 1.8 × 10−2 gL−1, respectively. With the increasing of hydrophilic oligo(ethylene 
glyco) chain length, the polymeric micelles became less stable and their cloud point 
tempeature increased from 58.6 oC–85.8 oC. PME3DDCL micelles were more stable due to 
the increased hydrophobicity from the additonal dodecyl functional group and had the highest 
loading capacity of 4.8%. However, it significantly affected the cloud point tempeature (Tcp) of 
PME3DDCL which was not detected even lowing temperature to 4 oC. Compared with 
homopolymers, amphiphilic blcok copolymers tend to have higher thermodynamic stability. 
Therefore, a new amphiphilic diblcok copolymer polycaprolatone-block-poly(triethylene 
glyco/propyl-di-substituted caprolacotne) (PCL44-b-P(ME3PyCL)56) with a mocelular weight of 
5,300 g/mol and a PDI of 1.69 was preparared by sequential polymerization. The self-
assembly was achieved in aqueous media and the CMC was 2.41 × 10−3 gL−1. It is 
comparable to that (1.54 × 10−3 gL−1) of polycaprolactone-block-poly(triethylene glycol) 
(PCL48-b-P(ME3)52) diblock copolymer with a molecular weight of 6,000 g/mol and a PDI of 
1.38. 
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Ice recrystallization inhibiting polymer nanoparticles via polymerization-induced self-
assembly (PISA) 

Panagiotis G. Georgiou1, p.georgiou@warwick.ac.uk, Thomas Congdon1, Thomas F. 
Whale1, Ioanna Kontopoulou1, Alexander N. Baker1, Huba Marton1, Matthew I. Gibson1,2. (1) 
Chemistry, University of Warwick, Coventry, West Midlands, United Kingdom (2) University of 
Warwick Warwick Medical School, Coventry, Coventry, United Kingdom  

Ice growth is a major problem in cell storage, infrastructure maintenance and in food industry. 
Chemical tools to modulate ice formation/growth have great (bio)technological value. Existing 
solutions to control ice growth have focussed on using antifreeze/ice-binding proteins from 
extremophile organisms, while recently polymeric inhibitors have emerged. Previous reports 
of nanomaterial architectures containing ice recrystallisation-active macromolecules did not 
show enhancements in activity. In contrast, native antifreeze proteins show size and 
aggregation state-dependent activity. 

In this work, the concept of using polymerization-induced self-assembly (PISA) to generate 
unique nanomaterials that are capable of inhibiting ice growth is shown for the first time. We 
introduce polymer nanomaterials that are potent inhibitors of ice recrystallization, employing 
steric stabilizing polymers known to inhibit ice growth such as poly(vinyl alcohol) (PVA) and 
others, with not any known activity such as poly(ethylene glycol) (PEG), and poly(vinyl 
pyrrolidone) (PVP). Crucially, engineering the core-forming block with poly(diacetone 
acrylamide) enabled PISA to be conducted in saline media. In the first case, a PVA graft 
macroinitiator was developed to perform PISA and the most active particles inhibited ice 
growth as low as 0.5 mg.mL-1 and were more active than the PVA stabilizing block alone, 
showing that the dense packing of this nanoparticle format enhanced activity. PEG and PVP 
coronas were also active when assembled into nanoparticle formulations, whereas the core-
block composition had no impact. This challenges the hypothesis that specific ice-binding 
domains are essential for activity. Larger nanoparticles demonstrated higher activity than 
smaller ones, but ice-nucleation activity was not observed in this case. This approach offers a 
platform towards ice-controlling soft materials using a broad range of polymers that are 
synthetically accessible and tuneable. 
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Comparison of cationic bottlebrush polymers for nucleic acid delivery. 

Rishad J. Dalal1, rdalal26@gmail.com, Monica L. Ohnsorg1, Ramya Kumar2, Theresa M. 
Reineke1. (1) Chemistry, University of Minnesota Twin Cities, Minneapolis, Minnesota, United 
States (2) Chemical and Biological Engineering, Colorado School of Mines, Golden, 
Colorado, United States  

Cationic polymer vehicles have emerged as promising platforms for nucleic acid delivery 
because of their scalability, biocompatibility, and chemical versatility. Advancements in 
synthetic polymer chemistry allow us to precisely tune chemical functionality with various 
macromolecular architectures to increase the efficacy of nonviral-based gene delivery. As 
various macromolecular architectures continue to be explored, this work demonstrates 
cationic bottlebrush polymer-mediated transgene expression and compare four unimolecular 
defined bottlebrush polymers to their linear analog. Spring 2022, ACS National Meeting - 
POLY Graphical Abstractn-dimethylamino ethylmethacrylate bottlebrushes were synthesized 
while, keeping the side chain degree of polymerization constant. Characterization of the 
physical and chemical properties were measured, while evaluating the toxicity and delivery 
efficiency of pDNA in vitro. Bottleplexes not only displayed vast increases in %EGFP+ cells in 
comparison to linear polymers, but also bottlebrushes increase transgene expression with 
respect to increasing molecular weight. Bottleplexes and polyplexes both displayed high 
pDNA internalization however, quantitative confocal analysis revealed higher levels of 
nuclear colocalization of pDNA payloads when delivered with bottleplexes compared to linear 
vehicles. This work was advanced to explore how bottlebrush end-group modification can 
alter the bottleplex stability, binding, and ultimately delivery of both pDNA and Cas9 protein 
therapeutics. A cationic bottlebrush polymer was altered to include a range of 
hydrophobicity/philicity as end-groups to explore the effect while binding pDNA and Cas9 
protein. Overall, this work displays that macromolecular design of bottlebrush polymers serve 
as efficient polymer-based gene delivery vectors. 
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Designing supramolecular hydrogels for long-term subcutaneous antibody delivery 

Catherine M. Kasse, cmeis@stanford.edu, Eric A. Appel. Materials Science and 
Engineering, Stanford University, Stanford, California, United States  

While HIV treatments have improved, there is still not an effective HIV vaccine available to 
prevent the spread of the virus. Broadly neutralizing antibodies (bNAbs) against HIV have 
been developed, but passively-transferred immunity only lasts for as long as the bNAbs 
persist in the body, which is typically on the order of weeks to a few months. To address this 
challenge, we have developed an injectable, supramolecular polymer-nanoparticle (PNP) 
hydrogel to serve as a subcutaneous antibody delivery depot to extend antibody 
pharmacokinetics (PK). In order to tailor this platform to deliver antibodies with different PK 
profiles, it is critical to understand how the underlying supramolecular network structure and 
dynamics affect the rate of release of cargo encapsulated in the hydrogel network. We report 
the measured rheological properties of various PNP hydrogel formulations as well as the 
diffusion of both the polymeric hydrogel components and encapsulated antibodies measured 
using fluorescence recovery after photobleaching (FRAP). A combination of X-ray and 
neutron small angle scattering experiments provides further insight into the structure of our 
system. Furthermore, we have conducted preliminary in vivo studies and applied 
compartment modeling to quantify the contribution of the depot to the overall PK profile of an 
antibody drug. The robust structural and dynamic understanding of the PNP hydrogels 
developed from our results will allow us to design next-generation biomaterials to effectively 
extend the delivery of antibodies against HIV as well as other viruses and infectious 
diseases. 
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Quadruple hydrogen bond-containing A-AB-A triblock copolymers: Probing the 
influence of hydrogen bonding in the central block 

Boer Liu1, pearlliu1116@gmail.com, Xi Chen2, Glenn A. Spiering2, Robert B. Moore2, 
Timothy E. Long1. (1) Biodesign Center for Sustainable Macromolecular Materials and 
Manufacturing&School of Molecular Sciences, Arizona State University, Tempe, Arizona, 
United States (2) Macromolecules Innovation Institute, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States  

This work reveals the influence of pendant hydrogen bonding strength and distribution on 
self-assembly and the resulting thermomechanical properties of A-AB-A triblock copolymers. 
Inspired by complementary hydrogen bonding interactions between nucleobase pairs in DNA, 
we prepared cytosine acrylate (CyA) and ureidocytosine acrylate (UCyA)-functionalized A-
AB-A triblock copolymers using reversible addition-fragmentation chain transfer (RAFT) 
polymerization. Thermal, thermomechanical, and morphological analysis revealed the 
microphase-separated structures of the triblock copolymers. CyA triblock copolymers 
exhibited a cylindrical microphase-separated morphology according to small-angle X-ray 
scattering. UCyA triblock copolymers bearing highly oriented quadruple hydrogen bonds 
promoted the central-external block interactions resulting in a more phase mixed structure 
than the CyA copolymers. Stronger physical crosslinks within UCyA copolymers extend the 
plateau modulus nearly 150 °C. Controlled microstructures resulted in A-AB-A UCyA triblock 
copolymers with superior tensile strength, extensibility, and toughness compared to the AB 
random copolymer and ABA triblock copolymer analogs. These experiments provided 
fundamental structure-property-processing relationships of the A-AB-A triblock copolymer 
tailoring of the self-association constants of the A unit and concentration of A unit in the 
central block. Balancing the design parameters as mentioned above offers a strategy of 
tuning thermomechanical and morphological properties of block copolymers. 
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Intensified reductive catalytic deconstruction of lignin: A low-pressure process for 
high-value bioproducts 

Robert M. O'Dea1, Odear@udel.edu, Olumoye Ajao2, Marzouk Benali2, Thomas H. Epps1,3. 
(1) Chemical & Biomolecular Engineering, University of Delaware, Newark, Delaware, United 
States (2) CanmetENERGY Varennes Research Centre, Varennes, Quebec, Canada (3) 
Materials Science & Engineering, University of Delaware, Newark, Delaware, United States  

Lignin is the most abundant natural source of aromatics, and although its recovery/isolation 
from biorefineries is increasing, current commercial extraction is primarily through Kraft 
pulping. Only 2% of the separated Kraft lignin (~160 kt/y) is recovered, and the lack of 
isolation infrastructure hinders the potential utility of existing lignin feedstocks. Additionally, 
structural heterogeneity, broad molecular weight distribution, dark color, and unpleasant odor 
generally limit lignin to low-value applications. Deconstruction to aromatic compounds is a 
promising strategy for the generation of high-value bioproducts from lignin, and in this work, 
two catalytic processes were examined for the valorization of technical lignin samples from 
numerous sources (e.g., Kraft, soda, organosolv, and thermomechanical pulping). First, the 
technical lignins were deconstructed via a conventional reductive catalytic fractionation (RCF) 
process, and a correlation between lignin thermal stability and phenolic product yield was 
developed. This relationship enabled the development of a facile screening method for the 
‘deconstructability’ of technical lignins. Second, a novel, reactive distillation-reductive catalytic 
deconstruction (RD-RCD) process was leveraged to simultaneously deconstruct lignin to its 
constituent phenolic building blocks and purify those compounds. RD-RCD was similar to 
conventional RCF with respect to phenolic yields and product distributions but operated at 
significantly lower pressure, resulting in a safer, less-costly process that may be more 
scalable than existing valorization approaches. Finally, to demonstrate the utility of the RD-
RCD bio oils, a biobased stereolithography resin was prepared and successfully printed with 
a commercial stereolithography (SLA) 3D printer. 
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Elucidating the connection between rare-earth-element chelation thermodynamics and 
polymer structure 

William R. Archer, archer.ryan95@gmail.com, Michael D. Schulz. Chemistry, Virginia 
Polytechnic Institute and State University, Blacksburg, Virginia, United States  

Rare Earth Elements (REEs: La–Lu, Y, and Sc) are critical components for innovations in 
green energy and technology, therefore more effective technologies for the domestic 
extraction and purification of REEs are in ever-increasing demand. Metal-chelating polymers 
have great potential in these applications due to their relatively low cost and high affinity for 
target elements. However, while much research has focused on specific ligands attached to 
polymers, little is known about the effect of polymer architecture itself on metal chelation. 
We will report on our most recent progress in the design, synthesis, and application of 
polymers for the selective chelation of various REEs. In addition to synthesizing a series of 
metal-chelating polymers, we elucidated the thermodynamics of binding using isothermal 
titration calorimetry (ITC) to gain insight into the specific structure-metal binding relationships 
of these materials. ITC enables the direct measurement of the binding affinity (Ka), enthalpy 
changes (ΔH), and stoichiometry of the interactions between macromolecules and metal ions 
in solution. By elucidating the thermodynamic profile of each chelating material, we have 
gained insight into each materials’ properties as a metal chelator. 
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Molecular design approach towards elastic and multifunctional polymer electronics 

Yu Zheng1,2, yzheng3@stanford.edu, Zhenan Bao2. (1) Chemistry, Stanford University, 
Stanford, California, United States (2) Chemical Engineering, Stanford University, Stanford, 
California, United States  

Next-generation wearable electronics require enhanced mechanical robustness and device 
complexity. Besides previously reported softness and stretchability, desired merits for 
practical use include elasticity, solvent resistance, facile patternability and high charge carrier 
mobility. Here, we show a molecular design concept that simultaneously achieves all these 
targeted properties in both polymeric semiconductors and dielectrics, without compromising 
electrical performance. This is enabled by covalently-embedded in-situ rubber matrix (iRUM) 
formation through good mixing of iRUM precursors with polymer electronic materials, and 
finely-controlled composite film morphology built on azide crosslinking chemistry which 
leverages different reactivities with C–H and C=C bonds. The high covalent crosslinking 
density results in both superior elasticity and solvent resistance. When applied in stretchable 
transistors, the iRUM-semiconductor film retained its mobility after stretching to 100% strain, 
and exhibited record-high mobility retention of 1 cm2 V-1 s-1 after 1000 stretching-releasing 
cycles at 50% strain. The cycling life was stably extended to 5000 cycles, five times longer 
than all reported semiconductors. Furthermore, we fabricated elastic transistors via 
consecutively photo-patterning of the dielectric and semiconducting layers, demonstrating the 
compatibility of the developed materials with solution-processed multilayer device 
manufacturing. The iRUM strategy is also promising for mass production when considering 
the cost-effectiveness and scalability of precursors as well as the reduced cost of expensive 
active materials resulting from the high content of iRUM precursors (~50%-75%). The highly 
accessible and reactive double bonds in iRUM films further provide unique opportunities for 
pre- and/or post-modification and interfacial engineering through chemical functionalization. 
This iRUM represents a molecular-level design approach for the transition from 
soft/stretchable to elastic and multifunctional skin-inspired electronics. 
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Electron transport in redox-active polypeptides 

Alexandra Easley1, Alexa940@tamu.edu, Tan Nguyen2, Cheng-Han Li2, Shih-Guo Li2, Miao 
Qi2, Nari Kang1, Sarosh Khan2, Soon-Mi Lim2, Yohannes Rezenom2, Shaoyang Wang3, 
David Tran2, Jingwei Fan2, Rachel A. Letteri2, Xun He2, Lu Su2, Cheng-Han Yu2, Karen L. 
Wooley2,1,3, Daniel P. Tabor2, Jodie L. Lutkenhaus3,1. (1) Department of Materials Science 
and Engineering, Texas A&M University, College Station, Texas, United States (2) 
Department of Chemistry, Texas A&M University, College Station, Texas, United States (3) 
Artie McFerrin Department of Chemical Engineering, Texas A&M University, College Station, 
Texas, United States  

Within a few decades, lithium-ion batteries have revolutionized technologies facilitating the 
development of new portable devices and electric vehicles. However, this rapid technology 
growth has exceeded the mining ability of lithium, cobalt and other mineral ore resources. To 
reduce this reliance on strategic elements, organic-based electroactive materials such as 
poly(TEMPO methacrylate), which has a nitroxide radical that can reversibly store energy 
through a reduction/oxidation mechanism, have received considerable attention. In this talk, a 
metal-free all-polypeptide-based battery is demonstrated, in which viologens and nitroxide 
radicals are incorporated as redox-active groups along polypeptide backbones to function as 
anode and cathode materials, respectively. The resulting battery had an initial capacity of 
37.8 mAhg-1 (85% of the theoretical capacity) and a maximum cell voltage of 1.6 V. The 
redox-active polypeptides were stable during battery operation and could be subsequently 
degraded on-demand in acidic conditions. With proof of operational stability and on-demand 
degradation, the structure-electron transfer relationship for the viologen-based polypeptides 
is investigated. Three viologen-based polypeptides with varying linker spacing are studied 
using both experimental and computational methods. Experimentally, the heterogeneous and 
homogeneous electron transfer rates are evaluated with electrochemical methods including 
cyclic voltammetry and chronoamperometry. Computationally, the diffusion of the viologen 
group is determined from trajectory analysis for the three polypeptides and related to their 
experimentally observed charge-transport behavior. Finally, the electron transfer kinetics 
impact on battery performance is elucidated with half-cell batteries and varying rates of 
charge-discharge. 

 
a) The diffusion cooperative electron transfer for the viologen pendant groups in a thin film. b) The 
three viologen-based polypeptides with varying linker spacing. 
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Illuminating the rigid amorphous fraction of semiconducting polymers, and its pivotal 
influence on Optoelectronic Performance 

Luke Galuska1, luke.galuska@usm.edu, Dung T. Tran2, Gage T. Mason3, Simon Rondeau-
Gagné3, Jianguo Mei2, Xiaodan Gu1. (1) School of Polymer Science and Engineering, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States (2) Department of 
Chemistry, Purdue University, West Lafayette, Indiana, United States (3) Department of 
Chemistry and Biochemistry, University of Windsor, Windsor, Ontario, Canada  

Nearly all semicrystalline polymers possess two types of amorphous domains, the mobile 
amorphous fraction (MAF) and the rigid amorphous fraction (RAF), which exhibit distinct 
glass transition phenomena and govern material performance. Yet, for semiconducting 
polymers, there is little information about the morphological landscape surrounding these 
transitions at device relevant thickness and hence their identity and the role they play in 
device performance is obscured and of great debate. Here, we not only elucidated the 
identity of these transitions (backbone Tg and RAF Tg) but also the mechanism by which they 
control material performance in four representative semiconducting polymers (P3HT, DPPT-
C8C10, N2200, and PFFBT-4T). This was first achieved through temperature dependent in-
situ ellipsometry, whereby, the thermal expansion, optical profile, and conformation were all 
assessed. The contribution of RAF to the thermal expansion was observed to be 20% for 
P3HT and 75% for the remaining high-performance polymers. This was attributed to their 
high rigidity and paracrystalline disorder which promote crystalline-amorphous connectivity 
associated with RAF. The conformation and optoelectronic behavior were further assessed 
utilizing temperature dependent DFT simulation, GIWAXS, solid-state NMR, and OFET 
charge mobility, thus providing the 1st holistic picture of the influence of RAF on the 
performance of semiconducting polymers. Our work demonstrates that the RAF is a critical 
component governing polymer connectivity and subsequently optoelectronic and mechanical 
behavior. 
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Impact of Interfacial Chemistry on electrochemical performance of composite 
magnetite electrodes 

Miguel Gonzalez1, migueagc@gatech.edu, Krysten Minnici1, Bailey Risteen1, Lei Wang2,3, 
Lisa Housel3,2, Genesis Renderos2, Kenneth J. Takeuchi3,2,4, Esther S. Takeuchi3,2,4, Amy C. 
Marschilok3,2,4, Thomas F. Fuller1, Elsa Reichmanis1. (1) Chemical and Biomolecular 
Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States (2) Institute of 
Electrochemically Stored Energy, Stony Brook University, Stony Brook, New York, United 
States (3) Interdisciplinary Science Department, Brookhaven National Laboratory, Upton, 
New York, United States (4) Department of Material Science and Chemical Engineering, 
Stony Brook University, Stony Brook, New York, United States  

To meet the world’s increasingly diverse demand for energy storage, rational design of 
battery systems with specific performance characteristics are crucial in a wide-array of 
industries from automobiles to consumer electronics, among others. In this study, we used 
magnetite (Fe3O4) as a model active material to show how surface modification of the active 
material with different molecular entities of varying ionic/electronic conductivities changed the 
local surface chemical environment of the particles to greatly affect the electrochemical 
performance of the battery. We show that direct covalent attachment of Spring 2022, ACS 
National Meeting - POLY Graphical Abstract[3-(4-carboxypropyl)thiophene] (PPBT) —a 
mixed ion conductor— creates a mat-like network stemming from the particle that creates 
anodes with enhanced lithium insertion kinetics and lithium transport processes integral in 
high discharge applications. These electrodes exhibit low charge transfer resistances, 
excellent charge capacity retention at 0.3 C, and robust charge capabilities/specific 
capacities. The simple attachment strategy relies on a Fischer Esterification scheme that 
attaches a carboxylic acid side chain of the polymer to the native hydroxide layer of the active 
material, thereby being applicable to the wide array of conversion-type electrodes that 
contain a hydroxide layer. This work contributes to the growing toolset of chemical techniques 
to modify active materials to create battery systems with specific performance characteristics 
and explores how the chemical properties of different small molecules and polymers affect 
the efficiency of capping agents. 
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Measurement of salt concentration and morphology gradients in block copolymer 
electrolytes using in situ Small-angle X-ray scattering 

Lorena S. Grundy1,2, lgrundy@berkeley.edu, Michael D. Galluzzo1, Christopher J. Takacs3, 
Nitash P. Balsara1,2. (1) Chemical and Biomolecular Engineering, University of California 
Berkeley, Berkeley, California, United States (2) Joint Center for Energy Storage Research 
(JCESR), E O Lawrence Berkeley National Laboratory, Berkeley, California, United States (3) 
SSRL Materials Science Division, Stanford Linear Accelerator Center, Menlo Park, California, 
United States  

Solid block copolymer electrolytes with lithium salt are promising materials which could 
enable practical batteries with highly energy-dense lithium metal anodes. These materials 
phase separate into ion-conductive domains, enabling ion transport, and mechanically-rigid 
domains, which enhance safety. The morphology, size, and orientation of these domains can 
significantly impact the performance of the electrolyte, and can depend on both time and 
position as a gradient in salt concentration develops during application of an electric potential. 

We have established a setup to obtain highly spatially- and temporally-resolved small-angle 
x-ray scattering (SAXS) data during in situ cycling of an electrochemical cell with lithium 
electrodes. We recently performed these experiments on an asymmetric polystyrene-b-
poly(ethylene oxide) (SEO) electrolyte with a poly(ethylene oxide) (PEO) molecular weight of 
22,400 g/mol and a polystyrene molecular weight of 4,000 g/mol, which phase separates into 
a majority-PEO morphology with spheres and/or cylinders—depending on salt 
concentration—of polystyrene. In these experiments, we have implemented equipment 
modifications which allow us to use x-ray transmission to directly measure salt concentration. 
This marks the first direct measurement of salt concentration gradients in situ in these 
systems, which allows us to validate theoretical predictions and better explain morphological 
and electrochemical behavior. Our scattering data indicates both asymmetry in domain 
expansion and contraction and changes between spheres and cylinders of polystyrene due to 
the strain of non-equilibrium changing salt concentrations; quantifying this strain allows us to 
gain new information about the behavior of block copolymer electrolytes in action and the 
mechanisms of their failure. This informs the systematic design of the next generation of solid 
electrolyte materials. 
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Photo-responsive hydrogel with a coupled chemo-mechano-electro response for 
rewritable shape-morphing and phototunable circuitry 

Jiehao Chen1, jchen645@gatech.edu, Haohui Zhang1, Jiahe Huang2, Yuhang Hu1,2. (1) 
Mechanical Engineering, Georgia Institute of Technology, Atlanta, Georgia, United States (2) 
Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, Georgia, 
United States  

Nature creatures constantly evolving shapes and properties to realize various functions and 
adapt to the environment. Hydrogels as a biocompatible, highly deformable, and versatile 
stimuli responsiveness have the potential to mimic the adaptiveness of creatures. Traditional 
stimuli-responsive hydrogel usually possesses a pre-set mechano- or electro- 
responsiveness during fabrication. The lack of tunability and reconfigurability of those stimuli-
responsive hydrogels limit their application where multifunctionality is appreciated. 

In this work, a general scheme of shape and conductivity reconfigurable hydrogel with 
chemo-mechano-electro responsiveness using photo-ionizable molecules is proposed. Two 
molecules that can form a reactive ion couple upon light activation are incorporated into one 
hydrogel. The reaction between the ion couples not only locks the photo-ionizable molecules 
in the activated states but also improves the photo efficiency by drives the reversible reaction 
forward. Through the coordination between these two molecules, the new photo-responsive 
gel can decouple the photopatterning process with the morphing process meanwhile 
memorize the conductivity state even if the light pattern is removed. Partial conversion of the 
photo-ionizable molecules can be achieved by control light exposure, making it possible to 
continuously tunable swelling and conductivity property. Taking advantage of the reaction 
reversibility, the photo-responsive molecules can be recovered from the activated state with a 
recovery stimulus. Then the hydrogel can be rewritten into a new shape or create new 
conductive paths with another light pattern. Based on the proposed general scheme, a 
specific example is given by incorporating the triphenylmethane leucohydroxide and o-
nitrobenzaldehyde molecules into a polyacrylamide hydrogel. The re-programmable 
morphing and the reconfigurable conductivity with precise gradient control are demonstrated. 
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Structural control and high-throughput FRAP analysis of solute diffusion in hydrogels 

Nathan Richbourg, nathan_richbourg@yahoo.com, Nicholas Peppas. Biomedical 
Engineering, The University of Texas at Austin, Austin, Texas, United States  

A drug or protein’s diffusion coefficient within a hydrogel is a critical design consideration for 
hydrogel-based tissue engineering scaffolds and drug delivery devices. Whereas a solute’s 
diffusion coefficient in solution can be predicted the Stokes-Einstein equation, solute diffusion 
within a hydrogel is affected by solute-hydrogel interactions and can change greatly with 
changes to the hydrogel’s network structure. Theoretical models aim to prediction solute 
diffusion coefficients in hydrogels based on the intrinsic properties of the solute and the 
polymer network, but current models have only been validated on small datasets and 
therefore may not be broadly applicable. With this work, we introduce a high-throughput 
method for analyzing solute diffusion in hydrogels using standardized fluorescence recovery 
after photobleaching (FRAP) experiments and a newly optimized program for efficiently 
calculating diffusion coefficients for each solute-hydrogel pairing. With this high-throughput 
FRAP analysis method, we analyzed diffusion of seven solutes of varying sizes and chemical 
structures in eighteen hydrogel formulations, producing a robust dataset relating hydrogel 
and solute properties to diffusion coefficients. By comparing this dataset to theoretical 
predictions, we found that the effects of hydrogel structure on solute diffusion were well-
predicted. However, the measured trends relating solute size to diffusion coefficients differed 
based on the solute’s chemical structure, defying model predictions. These results indicate 
that further robust, high-throughput experiments are needed to develop broadly applicable 
models of solute diffusion in hydrogels. 

 
Solute-dependent (A) and hydrogel-dependent (B) trends for solute diffusion in hydrogels. Error bars 
represent standard deviations (n = 18). Legend Key: FL00 is fluorescein, FD04 is 4 kDa FITC-dextran, 
FD20 is 20 kDa FITC-dextran, FD70 is 70 kDa FITC-dextran, FP05 is 5 kDa FITC-PEG, FP20 is 20 
kDa FITC-PEG, and FP40 is 40 kDa FITC-PEG. 
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Novel phosphodiester-backboned bottlebrush polymers for improved aptamer activity 
in vivo 

Yuyan Wang, wang.yuya@husky.neu.edu, Ke Zhang. Chemistry and chemical biology, 
Northeastern University, Boston, Massachusetts, United States  

Bottlebrush macromolecules have emerged as a versatile tool in a wide range of applications 
such as drug delivery, imaging and self-assembly. Herein, we demonstrate a facile strategy 
to synthesize a phosphodiester-backboned bottlebrush polymer as a carrier for 
oligonucleotides drugs. The backbone of the polymer is synthesized via stepwise solid-phase 
synthesis, which also constructs the therapeutic oligonucleotide portion of the conjugate. 
Bottlebrush-type structures are formed via a graft-onto methodology using a two-step process 
with near quantitative efficiency (~95%). The resulting bottlebrushes exhibited very long blood 
circulation times and high bioavailability. A thrombin-binding aptamer (TBA) was selected to 
demonstrate the ex vivo and in vivo efficacy of the bottlebrush-oligonucleotide conjugate. Our 
results show that the bottlebrush structure does not affect the binding affinity of TBA. 
Furthermore, due to the improved retention in blood, bottlebrush-TBA conjugates exhibit a 
stronger anticoagulating effect and for longer duration compared with unmodified TBA. We 
envision that this novel bottlebrush polymer will provide safer and translatable routes for a 
range of oligonucleotide drug modalities. 
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Effects of attractive interfacial interactions on local, nanoscale stiffness of supported 
copolymer adhesive films 

Sumeng Hu1, sumenghu2019@u.northwestern.edu, Tong Wang1, John M. Torkelson1, 
Asghar Peera2, Saswati Pujari2, Sipei Zhang2. (1) Chemical and Biological Engineering, 
Northwestern University, Evanston, Illinois, United States (2) The Dow Chemical Company, 
Collegeville, Pennsylvania, United States  

Nanoscale confinement of polymers in ultrathin films and near interfaces and free surfaces in 
bulk films and coatings can lead to substantial perturbations of properties relative to bulk 
polymers. Past studies have generally attributed the stiffness-confinement effect in supported 
films to the disparity between the rigidity of polymers and substrates; however, interfacial 
interactions can also be responsible for this behavior. Here, we report on the effects of 
interfacial interactions on local, nanoscale stiffness-confinement behavior. We have used a 
non-contact, self-referencing fluorescence method that is sensitive to local caging during the 
several hundred nanosecond excited-state lifetime of the fluorescence dye and thus provides 
a measurement related to a high-frequency modulus. We have isolated the effect of 
interfacial interactions from substrate rigidity and studied how interfacial interactions affect 
the stiffness of supported polymer films near glass substrates. We found that the stiffness of 
supported poly(styrene/n-butyl acrylate) (P(S/nBA)) random copolymer films is enhanced 
near the substrate interface, and the length scale over which the substrate perturbations 
propagate inside the film is highly dependent on the strength of the attractive hydrogen-
bonding interactions between the hydroxyl groups on glass surface and the ester groups in 
nBA units. On hydrophilic glass, the length scale associated with the substrate perturbations 
increases from ~80 nm to ~180 nm when the nBA content in copolymers is increased from 59 
mol% to 95 mol%. When the hydroxyl groups on a glass surface are partially or completely 
removed, the perturbation length scale decreases accordingly, with stronger impact being 
observed with nBA-richer systems. Thus, in addition to the disparity in polymer and substrate 
rigidities, our study shows that interfacial effects are another important underlying cause of 
stiffness-confinement effects of supported polymer films. 
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Tunable phosphonic acid content of block polymer micelles while maintaining 
constant core size 

Taylor Larison, tlarison@email.sc.edu, Morgan Stefik. Chemistry and Biochemistry, 
University of South Carolina, Columbia, South Carolina, United States  

Polymers with phosphonic acids have the potential for a wide range of applications due to the 
uniquely strong binding capabilities. The use of such strongly binding polymer blocks, 
however remain underexplored where possible applications span from surface modification 
and particle ligation to micelle control of nanoparticle placement, all of which utilize block 
polymer analogs. For example, many micelle applications rely on both controlled size and 
tailored functionalization where the independent control over these parameters has been 
limited. This limitation is in part because the equilibrium micelle size is affected by the extent 
of functionalization. Here it is shown that these parameters can be decoupled by 
implementing a glassy core with a unique processing pathway. This process enables 
chemical modification to the corona of previously formed, kinetically-trapped “persistent” 
micelles, termed Persistent Micelle Corona Chemistry (PMCC). Here PMCC is shown using 
RAFT to synthesize an amphiphilic diblock polymer containing (diethoxyphosphoryl)methyl 
methacrylate (DEPMMA). The phosphorus-based coronas are then chemically modified to 
tailor the phosphonic acid content while preserving constant micelle core size. Furthermore, 
we study the micelle-nanoparticle assemblies under the unique condition of strong 
nanoparticle binding. Additional applications are examined for surface modification and 
particle ligation taking advantage of the unique binding capabilities of phosphonic acid 
containing block polymers. 
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Vanadium chemistry for improving mechanical properties and stability in 
polysaccharide-based materials 

Carina Haddad, carinah@bgsu.edu, Alexis D. Ostrowski, Kalani D. Edirisinghe, Hope Brown. 
Bowling Green State University, Bowling Green, Ohio, United States  

Polysaccharide- based materials are a good replacement for plastics, due to their 
biodegradability, low toxicity, and low cost. However, their use is limited due to the difficulty in 
achieving materials with robust mechanical properties and the high hydrophilicity which 
causes performance to degrade in humid environments. To overcome these hurdles, cross-
linkers such as citric acid, nanoparticles and fibers can be added, or different polysaccharides 
can be blended to make composite materials. Our approach was to use vanadium ion 
coordination to obtain materials with enhanced mechanical properties and stability. We made 
films using pectin and chitosan and added glycerol as a plasticizer and V(V) ions as the 
crosslinker. FT-IR spectra proved the formation of a hydrogen bonding network as well as 
electrostatic interactions between the different components of the films. Electron micrographs 
showed laminated sheets with a lamellar distance of ~0.16 µm for vanadium-coordinated 
films compared to a much larger distance of ~ 0.75 µm for vanadium free films. Moreover, 
thermal gravimetric analysis (TGA) and dynamic mechanical analysis (DMA) showed that 
addition of vanadium ions to the polysaccharide films improved their mechanical properties 
(modulus and elasticity) and water and thermal stability. More interestingly, blue light 
irradiation turned the yellow films to green then blue which is correlated to reduction of V(V) 
to V(IV). Note that no significant changes in microstructure of films were observed upon light 
irradiation, although some small changes in modulus were observed in real time with light 
irradiation. In conclusion, strong metal-coordination interactions can be used to create tough, 
water-stable and photoresponsive polysaccharides-based materials. 
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Synthesis of highly crosslinked poly(butyl acrylate) networks to study the effect of 
mesh size, Tg, and segmental dynamics on probe diffusion 

Grant Sheridan, grants2@illinois.edu, Christopher Evans. Materials Science and 
Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois, United States  

To understand the effect of permanent crosslinks in polymer networks on probe diffusion, 
extremely dense poly(n-butyl acrylate) networks were synthesized with varying degrees of 
crosslinking. The degree of polymerization between crosslink junctions in these this system 
was varied from 2-100 repeat units, controlling the distance between crosslinks in this 
manner as it approaches the size of the probe molecule. As the degree of polymerization 
between crosslink junctions decreased, both the glass transition temperature (Tg) and Tg-
breadth were seen to significantly increase using both calorimetric and dielectric methods. 
Fluorescence Recovery After Photobleaching (FRAP) was used to determine the translational 
diffusion as a function of Tg-normalized temperature (Tg/T) and the size ratio between the 
dye and average distance between crosslink junctions (d/l). The probe diffusion was found to 
exhibit a single exponential decay dependence on both Tg/T and d/l, decreasing two orders 
of magnitude over the range of repeat units between crosslink junctions. To compare the 
probe diffusivity with segmental relaxation times determined by dielectric spectroscopy, these 
probe diffusion coefficients were converted to an “effective” diffusion timescale. Both the 
segmental relaxation times and “effective” diffusion time scale exhibited single exponential 
relationships as a function of Tg/T and d/l at three different experimental temperatures. While 
they both exhibit exponential relationships, the segmental relaxation times exhibited a 
stronger dependence on both Tg/T and d/l than the “effective” diffusion times, indicating that 
probe diffusion is partially decoupled from segmental mobility. These results provide new 
insights into how covalent crosslinking affects probe diffusion and provide necessary insight 
for the design and development of separation membranes. 

 

 
  



~ 113 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Tailoring polymer adhesives to specific surfaces: the future of microplastic 
remediation 

Erasmus Jugovic, tim.jugovic@hotmail.com, Paul M. Zimmerman. Chemistry, University of 
Michigan, Ann Arbor, Michigan, United States  

Microplastics (MPs) are an enduring component of plastic pollution and, once dispersed in 
the environment, difficult to remediate using current technology. One possible mitigation 
strategy for MPs is to selectively extract them from water and recycle the individual plastic 
types using existing technologies. This is a nontrivial problem, requiring a tunable chemical 
mechanism for selective adherence to specific MP materials. Though adhesives have long 
been tailored to macroscopically distinct surfaces (e.g., metal v. plastic), exploiting the fine-
grained differences between MPs, as to now, has not been possible. Selective adhesion can, 
in theory, be achieved by use of specific ratios of co-polymers or auxiliary monomers in a 
polymer. Polyacrylate adhesives are of particular interest to our research due to the ease of 
monomer modification and incorporation of auxiliary monomers. Using GPU-accelerated, 
atomistic molecular dynamic simulations, we have rapidly sampled possible adhesive 
compositions and their adhesive properties to common MP surfaces. Examples of the 
sampled space are shown in Figure 1. These simulations predict novel adhesives that, 
based on overall polymer composition, discriminate between types of MP surfaces. Our 
collaborators on an NSF-funded EFRI team are currently working on synthesis and 
characterization of the predicted adhesives to test the predictions of the computational 
MP/adhesive models. 
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Determination of microplastics and nanoplastics in tissues of human and animals 
using liquid chromatography-tandem mass spectrometry 

Sangeet Adhikari1,2, sadhik14@asu.edu, Rahul Kumar2, Varun Kelkar1,2, Rolf U. Halden1,2,3. 
(1) School of Sustainable Engineering and the Built Environment, Arizona State University, 
Tempe, Arizona, United States (2) Biodesign Center for Environmental Health Engineering, 
Arizona State University, Tempe, Arizona, United States (3) OneWaterOneHealth, Nonprofit 
Project of Arizona State University, Arizona State University, Tempe, Arizona, United States  

Microplastics (MPs) and nanoplastics (NPs) constitute a newly recognized class of 
contaminants of emerging concern in air, soil, water, and food, causing unavoidable 
exposures to humans and animals. Detection, identification, and quantification of MPs and 
NPs in environmental matrices and biota is challenging due to their small size, random 
morphology, polymeric diversity, applied coatings, and vast surface areas which attract 
chemical and microbial sorbates. Polyethylene terephthalate (PET) and polycarbonate (PC) 
hold the major share of the widely used plastics, which are made from terephthalic acid (TPA) 
and bisphenol A (BPA), respectively. The present work aims to assess the feasibility of 
detecting these two monomers, TPA and BPA, in animal and human tissue using liquid 
chromatography-tandem mass spectrometry. This is followed by a comparison of the mass of 
plastic monomers analytically determined to be present before and after treatment of the 
tissue samples by a depolymerization procedure. Study results and a review of the published 
literature demonstrate that human exposure to plastic constituents and monomers is 
widespread. In contrast, authoritative reports of the presence of plastic polymers in human 
tissues are still scarce. In addition to representing one of a small number of studies that 
examined autopsy samples of human tissues, the present work also produced estimates of 
anticipated background levels of plastics in human samples that could be explained 
exclusively as artifacts resulting from cross-contamination of samples during sample handling 
related to chemical analysis. Recommendations are provided on how to limit interfering 
background signals and how to reduce the risk of false-positive detections related to 
laboratory handling of samples. 
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Hypervalent iodine(III) compounds in the synthesis of branched and functionalized 
polymers 

Kapil Dev Sayala, polykapil@gmail.com, Yakun Cao, Rajesh Kumar, Nicolay Tsarevsky. 
Chemistry, Southern Methodist University, Dallas, Texas, United States  

The potential of hypervalent (HV) iodine chemistry in organic synthesis has been well 
recognized but its versatility in materials science and polymer synthesis started gaining 
significant attention during the past decade. Cyclic hypervalent iodine(III) compounds 
(benziodoxolones) with methacrylate- and acrylate-derived ligands were synthesized and 
characterized spectroscopically, by thermal analysis, and by single crystal X-ray diffraction. 
Owing to the presence of a polymerizable moiety and an initiating site (the weak and 
homolytically cleavable HV I–O bond), the synthesized compounds can generate radicals 
upon irradiation with ultraviolet light, thereby serving as inimers in the synthesis of branched 
polymers through self-condensing vinyl polymerization. Copolymerizations with various 
monomers were performed under irradiation, which allowed for control over the degree of 
branching. This synthetic strategy circumvented the undesired crosslinking reactions that 
occur when (diacyloxyiodo)benzene-based compounds with polymerizable ligands are 
employed as inimers. In a different study, the ability of acyclic HV iodine(III) compounds with 
tetrazole, and fluorine-containing ligands to participate in functionalization reactions of cis-
1,4-polyisoprene was explored. The results indicated successful modification, opening a new 
avenue to previously inaccessible functional and reactive polymers. 
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Regioselective conjugation of polysaccharides and amino acid esters 

Yang Zhou1, zhouyang@vt.edu, Kevin J. Edgar1,2. (1) Department of 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  

Site-specific conjugation of polysaccharides with proteins is very challenging. Creating the 
ability to control chemo- and regioselective reaction between polysaccharides and amino acid 
derivatives can not only create potentially useful and bioactive natural polymer constructs, but 
should also provide useful guidance for the principles of polysaccharide–protein conjugate 
synthesis. In this work, we exploited regioselective bromination of the non-reducing end 
primary dextran hydroxyl using N-bromosuccinimide (NBS) and triphenylphosphine (Ph3P) in 
the dimethylacetamide (DMAc) and lithium bromide solvent system, thereby enabling a regio- 
and chemoselective synthetic strategic approach to a variety of polysaccharide-amino acid 
ester adducts. We demonstrated selective condensation of the α- amino groups of esters of 
the amino acids tyrosine and proline, displacing the single, terminal C6 bromides of 6-
BrCA320S and 6-BrDextran with high conversion (71-96%). Histidine ester side group 
amines were found to react with 6-BrCA320S, while those of tryptophan ester did not. These 
results provide useful access to polysaccharide–amino acid ester adducts of various 
architectures, and guide us in designing new pathways to polysaccharide–protein 
copolymers. 
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Photoredox-Initiated frontal ring-opening metathesis polymerization 

Katherine Stawiasz, katie.stawiasz@gmail.com, Chloe Wendell, Benjamin A. Suslick. 
Chemistry, University of Illinois at Urbana-Champaign, Urbana, Illinois, United States  

In this work, we report the development and optimization of a photoredox-initiated frontal ring-
opening metathesis polymerization (FROMP) system. We found that a thermally latent 
ruthenium based, bis-NHC complex efficiently catalyzes FROMP after photo-activation with 
9-mesityl-10-phenylacridindium tetrafluoroborate, copper(II) triflate, and a 455 nm light 
source. In this unique strategy, we initiate FROMP by inducing a photoredox event at the 
catalyst activator (i.e., Cu) rather than the catalyst itself. Variations in Cu or metathesis 
catalyst loading provided polymerization fronts with velocities ranging from 0.15-0.43 mm s-1 
and front temperatures ranging from 140-205 °C. While the Tg of the resultant polymers are 
lower than those derived with Grubbs' second-generation catalyst (GC2), we believe that this 
catalyst provides resins resistant to background polymerization with extended pot lives. 
Indeed, we observed that two-component systems were viable towards for FROMP for up to 
5 days, a marked improvement of the 30 h working window demonstrated by GC2. 

 

 
 
Frontal polymerization of dicyclopentadiene 
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Well-defined 2D and 3D Polymer architecture based on tetraborate linkage 

Yiming Hu, yiming.hu@colorado.edu, Wei Zhang. Department of Chemsitry, University of 
Colorado Boulder, Boulder, Colorado, United States  

Most crystalline polymer are synthesized through Schiff-base chemistry and boronate ester 
formation reactions. However, their practical applications have been impeded by the 
instability linkage, particularly in the case of boroxine or boronate ester-containing 
frameworks. Here we report the synthesis of 2D tetraborate crystalline polymer and 3D 
covalent helical polymers, with a high molecular weight. Polymerization and crystallization 
occurred simultaneously under solvothermal conditions to form single crystals of the resulting 
helical covalent polymers. Of 3D covalent helical polymer, characterization by single-crystal 
X-ray diffraction showed that each crystal consisted of pairs of mechanically entwined 
polymers. 
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Chemically recyclable polymers based on olefin metathesis 

Devavrat Sathe, ds315@uakron.edu, Junfeng Zhou, Hanlin Chen, Hsin-Wei Su, Tze-Gang 
Hsu, Wei Xie, Junpeng Wang. School of Polymer Science and Polymer Engineering, 
University of Akron, Akron, Ohio, United States  

The linear polymer economy stands as a major roadblock on the way to reducing humanity’s 
carbon footprint. It is a testament to this fact that out of 6 billion tons of plastic waste 
generated, only 9% had been recycled until 2015. Several challenges exist in transitioning to 
a circular polymer economy: worsening properties of plastics over the course of repeated 
recycling, high energy costs of recycling processes, and difficulty in sorting plastic waste into 
different streams. Chemical recycling to monomer (CRM) is emerging as an attractive route 
to overcoming some of these challenges. However, despite several reports of materials 
capable of undergoing efficient CRM, there exist only a few systems that combine all of the 
following desirable characteristics: ease of polymerization/depolymerization, a wide range of 
thermomechanical properties, and chemical functionalities, and hydrolytically and thermally 
stable polymer backbones. We have recently demonstrated a new, robust olefin metathesis-
based polymer system capable of undergoing CRM. This is achieved by utilizing a 5,6-trans 
cyclobutene fused cyclooctene (tCBCO) motif to obtain low ring strain cyclic olefin monomers 
which can undergo efficient polymerization/depolymerization under mild conditions. 
This talk will discuss the effect of different fused rings on the ring strain in cyclooctene, 
synthesis of tCBCO monomers, thermodynamics of polymerization, and the mechanism of 
depolymerization. Thermomechanical properties for a range of different tCBCO based 
polymers will also be discussed. The versatile platform here offers not only exciting new 
candidates for the future of sustainable materials but also offers new insights into regulating 
ring strain in cyclic monomers- which is a key to designing new CRM materials. 
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Controlling oligomer structure to direct photopolymer network morphology 

Tanner Grover, tanner-grover@uiowa.edu, Allan Guymon. Department of Chemical and 
Biochemical Engineering, The University of Iowa, Iowa City, Iowa, United States  

 
Photopolymerization has gained momentum as a facile technology for material fabrication 
due to multiple advantages relative to other polymerization processes including precise 
spatial control and low energy consumption. Although currently employed in additive 
manufacturing, and coating/adhesive applications, a predominant limitation that prevents 
expanded use is the lack of inherent toughness in photocured materials. Photopolymerization 
typically forms highly crosslinked networks stemming from monomers with fast gelation and 
cure speeds. The fast and relatively uncontrolled gelation hinders diffusion of reacting 
species and produces inhomogeneous crosslinking and highly irregular polymer networks. 
Engineered molecular structure of block copolymer additives in photocurable resins has been 
shown to direct organization of the monomer matrix and provide control over network 
structure. This direction is provided by amphiphilic properties of block copolymers and allows 
regulation over microphase morphology and material toughness. In this work, we develop 
block copolymers with functional pendant groups that direct network development in 
photocurable formulations while retaining processing advantages of traditional 
photopolymerization. Copolymers with unique architecture were constructed using controlled 
radical polymerization and combined with common photopolymerizable systems (e.g., 
methacrylates and epoxies). Specifically, photoiniferter polymerization was used to allow high 
control over copolymer structure such as molecular weight (MW), MW distribution, functional 
group placement, and block length ratio. Copolymer structure and concentration was 
explored for their effects on traditional photocurable systems by examining the 
thermomechanical behavior, surface morphology, and tensile properties of photocured thin 
films. 

 

 
Top: AFM phase images of photopolymer networks composed of three different oligomer structures. 
Bottom: Tensile toughness of oligomer modified networks. 
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Powerful direct C–H amidation polymerization to give single-fluorophore-based white-
light-emitting polysulfonamides by fine-tuning hydrogen-bond 

Soon-Hyeok Hwang, soon-hyeok@snu.ac.kr, Hongsik Kim, Hanseul Ryu, Dongwhan Lee, 
Tae-Lim Choi. Department of Chemistry, Seoul National University, Gwanak-gu, Seoul, 
Korea (the Republic of)  

The development of white-light-emitting polymers has been actively reported because of their 
important roles in various application fields such as lighting sources, displays, etc. To 
generate white-light, numerous research efforts have focused on synthesizing multi-
fluorophores-based random copolymers to cover the entire visible region effectively. 
However, due to their intrinsic synthetic and structural features, this strategy has some 
limitations in securing color reproducibility and stability. Herein, we report a development of 
single-fluorophore-based white-light-emitting homopolymers with excellent color 
reproducibility. A powerful direct C–H amidation polymerization (DCAP) strategy allowed us 
to synthesize defect-free polysulfonamides which emitted white-light via a process called the 
excited-state intramolecular proton-transfer (ESIPT). To get a structural insight for designing 
such polymers, we conducted detailed model studies by varying the electronic nature of 
substituents which lead to easy tuning of emission colors. Further analysis revealed that this 
was due to precise control on the thermodynamics of the ESIPT process by fine-tuning the 
intramolecular hydrogen-bond strengths. By applying this design principle to polymerization, 
we could successfully produce various well-defined polysulfonamides with single-fluorophore 
emitting white-light. The resulting polymers emit consistent fluorescence regardless of 
molecular weights or phases (solution, powder, and film), guaranteeing excellent color 
reproducibility. With these advantages in hand, we also demonstrated a practical use of our 
DCAP system by fabricating white-light-emitting coated LED. 
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Application of ion mobility and tandem mass spectrometry for the elucidation of 
thiolyne-comb polymer architectures 

Kayla Williams-Pavlantos1, knw55@uakron.edu, Brennan Curole2, Scott M. Grayson2, 
Chrys Wesdemiotis1. (1) Chemistry, University of Akron, Akron, Ohio, United States (2) 
Chemistry, Tulane University, New Orleans, Louisiana, United States  

Ion mobility spectrometry (IMS) and tandem mass spectrometry (MS/MS) were utilized to 
characterize copolymers synthesized via thiol-yne chemistry and composed of a 
poly(thioether) main chain with poly(ethylene oxide) pendants. The product was expected to 
contain copolymers with several different architectures. ESI-MS/MS identified low-mass 
tadpole species which gave rise to three structurally characteristic fragments all arising by 
dissociations in the tadpole tail. Similar analysis of the heavier oligomers led to fragmentation 
patterns diagnostic of unsaturated comb structures. MALDI-MS/MS analysis of dithiol 
terminated samples, which are saturated and thus confined to comb structures with a linear 
main chain, showed very similar fragmentation spectra as the previous unsaturated thiol-yne 
comb polymers, indicating the need for additional analysis methods to differentiate between 
linear and cylic copolymer architectures. Using IMS, drift time data for both the saturated and 
unsaturated combs were obtained. The unsaturated comb polymers consistently show lower 
drift times than their linear saturated congeners, indicating that the unsaturated product had 
undergone cyclization to form a macrocyclic poly(thioether)main chain 
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Machine learning potential for predicting the properties and simulating the degradation 
behavior in polymeric materials 

Anas Karuth, anas.kk@ndsu.edu, Bakhtiyor Rasulev. coating and polymeric materials, North 
Dakota State University, Fargo, North Dakota, United States  

Data-driven machine learning techniques are gaining popularity in chemical science due to 
their ability to predict the properties of chemical compounds with unprecedented efficiency 
and high accuracy. We utilize machine learning methods to build a quantitative relationship 
between the chemical and functional descriptors and properties of the polymeric systems, 
including glass transition temperature. To develop the model, we train a few hundred 
polymeric structures using ML methods based on genetic algorithms to learn from patterns or 
structures in the data and to build a structure and property relationship model. In this study, 
the ML methods are coupled with coarse-grain molecular dynamics (MD) to further delineate 
the mechanistic interpretation and systematic dependence of these ML-identified influential 
structural features in the polymeric system. This synergistic modeling framework provides a 
valuable insight into the roles of key molecular features influencing the physicochemical 
properties of polymers, paving the way to establishing a materials-by-design framework for 
polymeric materials via molecular engineering. The machine learning (ML) interatomic 
potential formed by training the quantum-mechanical data is used in the development of the 
reactive force field (ReaxFF). The ReaxFF is a perfect force field for MD simulations or 
reactive systems which has lower computational expense and makes it possible to reach a 
simulation scale not tractable for quantum mechanics. The inclusion of connectivity 
dependent term in the quantum-mechanically trained empirical force field ReaxFF, enable us 
to study the reactive events in the chemical systems. We utilized the ReaxFF framework to 
study the physical and chemical degradation in epoxy thermosets due to moisture ingress. 
We used all-atomistic MD simulations to model the reversible and irreversible hygrothermal 
degradation process in water-sensitive epoxy thermosets 
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A bio-enabled platform to access polyamides with built-in target properties 

Prerana Carter1,2, prerana@iastate.edu, Brent Shanks1,2, Jean Philippe Tessonnier1,2, Eric 
W. Cochran1. (1) Chemical and Biological Engineering, Iowa State University, Ames, Iowa, 
United States (2) Center for Biorenewable Chemicals, Ames, Iowa, United States  

The polymer industry has been a key driver in the quest for green alternatives to petroleum-
derived chemicals. While current efforts have predominantly focused on bio-derived structural 
or functional replacements of petrochemical molecules, a more appealing strategy would be 
to target bioprivileged molecules. These platform molecules exhibit the versatility to be 
converted into both “drop-in” replacements and novel chemicals. Herein, we present a 
functionalization strategy to effectively convert bioprivileged muconic acid (MA) into an array 
of diacids exhibiting desired property enhancements. trans,trans-MA (ttMA) offers a 
conjugated double bond with potential for Diels-Alder cycloaddition to tether desired 
properties and yield polymers with built-in enhancements like hydrophobicity or flame 
retardance. 

As a proof of concept, hydrophobic diacids were prepared by reacting alpha olefins with MA-
derivatives and inserting them in a nylon-6,6 backbone. The synthesized polyamides were 
fully tested for moisture absorption and characterized through GPC, TGA, DSC, WAXS, and 
DMA. The resulting polyamides exhibited property customization by reducing water uptake of 
over three-folds without affecting visco-elastic properties of nylon-6,6. This functionalization 
strategy was further extended to aromatic vinyl groups and the resulting polyamides 
demonstrating a 60% improvement in char production, a key metric for flame retardance. 
Overall, we demonstrate a bio-enabled platform for diversification of muconic acid utilizing 
Diels-Alder chemistry to access a new library of diacids with custom property enhancements. 

 Schematic overview of glucose conversion to performance-advantaged monomers  
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Processable and electrochemically stable polyaniline derivatives: Synthesis, 
characterization, and applications 

Mohammed N. Almtiri, mna149@msstate.edu, Colleen N. Scott. Chemistry, Mississippi 
State University, Mississippi State, Mississippi, United States  

Amongst all intrinsic conducting polymers, polyaniline (PANI) has attracted significant 
attention due to its outstanding air and moisture stability, simple preparation technique, and 
high electrical conductivity. Nevertheless, as a conducting material, polyaniline still shares 
two major drawbacks: poor solubility and inferior electrochemical performance. Herein, we 
designed and synthesized a wide range of poly(heterocyclic diphenylamine) based on the 
phenoxazine, phenothiazine, carbazole, phenazaborine, and phenazasiline cores to address 
the drawbacks of PANI. These cores maintain the PANI backbone but are designed to 
improve the electrochemical stability and add solubilizing groups to improve their 
processability. All the polymers were shown to be soluble with medium sized branched alkyl 
chains. The electrochemical characterization of the polymer containing the electron-rich 
heteroatoms such as phenoxazine and phenothiazine and electron rich core such as 
carbazole have shown remarkable electrochemical stability in CV. Furthermore, the electron 
paramagnetic resonance (EPR) analysis with several dopants reveals paramagnetic 
properties of the polaronic state of the polymers. The morphologies of polymer films were 
studied using atomic force microscopy (AFM), scanning electron microscopy (SEM), and 
transmission electron microscopy (TEM), which shows a variety of different morphology of 
the material surface based on dopants and film-forming procedures. Finally, the 
performances of these polymers in semiconductors, supercapacitors, and transistors were 
evaluated. 
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From berzelius to staudinger through polymers and macromolecules 

Virgil Percec, percec@sas.upenn.edu. Chemistry, University of Pennsylvania, Philadelphia, 
Pennsylvania, United States  

By editing, at the invitation of the German Scientific community, two books about Staudinger 
entitled "Hierarchical Macromolecular Structures: 60 Years after the Staudinger Nobel Prize I" 
0/. Percec, Editor, Springer 2013) also known as Advances in Polymer Science (V. Percec, 
Editor), vol 261, 2013 and 
"Hierarchical Macromolecular Structures: 60 Years after the Staudinger Nobel Prize I" also 
known as Advances in Polymer Science 0/. Percec, Editor), vol 261, 2013 and "Hierarchical 
Macromolecular Structures: 60 Years after the Staudinger Nobel Prize II" 0/. Percec, Editor, 
Springer 2013) also known as Advances in Polymer Science 0/. Percec, Editor), vol 262, 
2013, I learned about Staudinger more than if he would have like anybody to know about 
himself except himself. I will use this opportunity to share some event of his life that I think he 
would have given me the permission to share with you. 
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Polyrotaxane synthesizer 

James F. Stoddart, stoddart@northwestern.edu. Chemistry, Northwestern University, 
Evanston, Illinois, United States  

Artificial molecular machines have received an increasing amount of attention during the past 
two decades. They have the unique ability to express directional motion of their component 
parts in molecules as a result of energy inputs from external stimuli. This phenomenon has 
been used to produce mechanically interlocked molecules (MIMs) such as catenanes and 
rotaxanes. In this presentation, I will talk about our recent advances in the design and 
synthesis of enthalpically and entropically demanding polyrotaxanes and oligocatenanes 
bearing positively charged units in the presence of radicals. We have established chemically 
and electrochemically redox-driven duet molecular pumps in order to control the exact 
number of rings installed onto a polymeric chain. These pumps, residing at both ends of the 
chain, are able to pump two cyclobis(paraquat-p-phenylene) rings simultaneously during one 
redox cycle using either (i) chemical reagents or (ii) electricity which avoids generating and 
accumulating waste products. Following multiple redox cycles, polyrotaxanes containing 
discrete numbers of rings threaded on to the polymeric chain, have been isolated and 
characterized. 
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Polymer electrolytes in heterogenous media 

Monica Olvera De La Cruz, olveradelacruz@centralscience.acs.org. Northwestern 
University, Evanston, Illinois, United States  

Polyelectrolytes control the organization and properties of materials with important 
applications in bio- and nano-technology including energy storage and therapeutics as well 
as protein delivery and compartmentalization. In this talk, we reveal the effect of ionic 
correlations and dielectric mismatch on the structure and properties of polymer electrolytes in 
confinement. 
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Multiscale simulations of polymer, ionic liquid, and solid electrolytes for Li batteries 

William A. Goddard, wagoddard3@gmail.com, Tridip Das, Boris Merinov. Materials and 
Process Simulation Center, California Institute of Technology Division of Chemistry and 
Chemical Engineering, Pasadena, California, United States  

It is essential to replace the liquid electrolyte in Li electrode batteries with solid electrolytes 
that can inhibit dendrite formation. We have examined three solid electrolyte strategies. 
Polyethylene oxide (PEO) doped with Li and bis-(trifluoromethysulfonyl)imide (TFSI) Ionic 
Liquid based on imidazolium cation and TFSI anion doped with Li Argyrodite-type superionic 
crystals: (PS4)(Li6SCl), exhibits the highest lithium ionic conductivities (~10−2 S/cm at room 
temperature) among Li-conducting solid electrolytes. 

We report results of molecular dynamics (MD) studies including applied electric fields to 
predict both cationic and anionic diffusion mechanisms in these materials. We find that the Li 
migration in (PS4)(Li6SCl) occurs via a conjugated substitutional type of diffusion involving 
rearrangements of 3 or more Li-ions in a 3D matrix of anions that remain stationary for 
temperatures up to 350 K. The Li-superionic conductivity is explained in terms of specific 
features of the (PS4)(Li6SCl) structure which consists of the fixed anions (no counter 
diffusion) framework that accommodates an equal number of Li vacancy positions as Li ions. 
This new mechanistic understanding arms provides a strategy toward designing improved 
electrolytes. 

The MD studies are based on the Universal Force Field with nonbond interactions based on 
fitting to quantum mechanics (QM) and electrostatic based on charges from the PQEq charge 
and polarization method. 

(a) LogMSD vs. Log time. Predicted Li-ion conductivity of 
0.00692 S cm-1 at 20 C in excellent agreement with 
experimental data, 0.0071 S cm−1 at 25 C 
 
(b) predicted activation energy (Eact) for the Li diffusion is 
0.29 eV above 350 K and 0.21 eV for less than 350 K. 
Experimental values 0.27 − 0.29 eV from NMR 
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Modeling of interfaces involved in sustainable energy technologies 

Emily A. Carter1,2,3, eac@princeton.edu. (1) Department of Chemical and Biomolecular 
Engineering, University of California Los Angeles, Los Angeles, California, United States (2) 
Office of the Chancellor, University of California Los Angeles, Los Angeles, California, United 
States (3) Department of Mechanical and Aerospace Engineering, Princeton University, 
Princeton, New Jersey, United States  

Mike Klein cares about the future of the planet and its inhabitants. Amazingly, he is – at 80+ 
(!) – still working to inspire and train the next generation of scientists and engineers. He is 
indeed an inspiration, both as a university leader and a scientist who has investigated 
breathtakingly complicated phenomena in soft condensed matter. To honor him, I will present 
a few selections from my group’s research into sustainable energy technologies, focusing on 
quantum mechanics based simulations of phenomena involving interfaces, to make a 
connection to Mike’s work emphasizing the latter. Examples may include gas bubble 
formation in liquid metal alloy candidates for fusion reactor walls, (photo)electrocatalysis for 
renewable chemical and fuel production, among others. 
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Opto-electronic and excited-state dynamical properties of chiral, polymer-wrapped 
semiconducting and metallic carbon nanotube superstructures 

Michael J. Therien, michael.therien@duke.edu. Chemistry, Duke University, Durham, North 
Carolina, United States  

Charged, chiral anionic semiconducting polymers helically wrap single-walled carbon 
nanontubes (SWNTs) at periodic and constant morphology (Figure 1A). These polymers can 
be to modulate SWNT electronic properties, provide expansive solubility, or organize 
functional organic moieties at predefined intervals along the SWNT surface. Nanohybrid 
compositions based on semiconducting carbon nanotubes (s-SWNTs) and chiral 
semiconducting polymers are described. Such helically wrapped polymer-SWNT 
superstructures, for example, feature perylene diimide (PDI) electron acceptor unit positioned 
at 3 nm intervals along the nanotube surface, thus controlling rigorously SWNT–electron 
acceptor stoichiometry and organization. Potentiometric studies determine driving forces for 
photoinduced charge separation (CS) and thermal charge recombination (CR) reactions, as 
well as spectroscopic signatures of SWNT hole polaron and PDI radical anion states. 
Femtosecond pump-probe transient absorption spectroscopic experiments detail driving 
force- and solvent-dependent photoinduced CS and thermal CR dynamics, and provide 
insights into the factors that govern photoinduced charge transfer reactions at soft matter-
hard matter interfaces defined by polymers and SWNTs (Figure 1C). Related experiments 
probe the transient absorptive and dynamical properties of positively and negatively charged 
excitons (i.e., hole- and electron-trions) in these semiconducting polymer-wrapped SWNT 
superstructures; these studies determine trion transient absorptive signatures and dynamics 
as functions of absolute electron- or hole-doping levels (Figure 1B), and insights into trion 
formation and decay mechanisms. 

 
Figure 1. (A) Prototypical chiral semiconducting arylenethynylene polymer-wrapped SWNT assembly and MD 
simulation. (B) Schematic description of hole trion formation in hole-doped, optically-excited semiconducting 
SWNTs. (C) Light-driven e-/h+ pair generation in a polymer-wrapped SWNTs composition, and subsequent CR 
dynamics.  
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Repurposing the blueprint of life for materials design and synthesis 

Chad A. Mirkin, chadnano@northwestern.edu. Chemistry, Northwestern University, 
Evanston, Illinois, United States  

Nucleic acids are perhaps the most important class of biological macromolecules that 
chemists have learned to synthesize and mass produce. For decades, their unique structure 
and properties have been studied in an effort to understand nature's chemistry-based bio-
programmability. We have utilized DNA, in particular, to create a genetic code for colloidal 
crystal engineering. Rather than directing biological processes, this code uses synthetic 
forms of DNA to program the assembly of nanoparticles into 1 D, 2D and 3D crystalline 
architectures, which can be highly complex (>20 particles per unit cell) and in which almost 
every aspect of the resultant structures can be systematically controlled. In these systems, 
the DNA can be likened to "bonds" and the nanoparticle building blocks can be likened to 
"atoms" or even "electrons", that define the new property of metalliclty. The extraordinary 
control afforded by colloidal crystal engineering with DNA is allowing us to synthesize new 
classes of functional materials, including exotic structures with well-defined crystal habits, 
dynamic, responsive materials with structures that can be toggled using the intrinsic 
properties of DNA or other chemical or physical cues, nanoparticie supertattices grown 
epitaxially from surfaces, and colloidal crystals that offer insights into light-matter interactions. 
These systems push beyond what has been possible with naturally occurring crystalline 
materials or those made by more conventional strategies and can be used to enhance our 
fundamental understanding of crystallization processes . 
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Selective organic and organometallic reactions mediated by water-soluble 
supramolecular host-guest supramolecular systems 

Robert G. Bergman1,2, rbergman@berkeley.edu. (1) Chemical Sciences, E O Lawrence 
Berkeley National Laboratory, Berkeley, California, United States (2) Chemistry, University of 
California Berkeley, Berkeley, California, United States  

In a collaborative study directed jointly K. N. Raymond, F. D. Toste and R. G. Bergman, 
several organic and organometallic reactions have been shown to occur in the cavities of 
self-assembled supramolecular water-soluble tetrahedral chiral clusters (”nanovessels”). This 
talk will focus on stoichiometric and catalytic reactions of organic and biological molecules 
that occur within the cavities of these species through host-guest interactions. 
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Understanding phase behavior in polyelectrolyte complexation 

Matthew V. Tirrell, mtirrell@uchicago.edu. Pritzker School of Molecular Engineering, 
University of Chicago, Chicago, Illinois, United States  

Polyelectrolyte complexation is increasingly recognized as a route to new materials, as a new 
tool for self-assembly, and as a frequent player in biological structures from the cellualr to the 
organismal level. We have fully elucidated and quantitatively determined the phase diagram 
for polyelectrolyte complexes in which only ionic interactions and chain connectivity play a 
role. We have also begun to explore the effects of chirality, hydrophobicity, hydrogen 
bonding, salt concentration and other influences on the phase behavior of complexation. All 
of these factors can determin whether complexation occurs, and if it does, whether the 
separated dense phase has solid or fluid character, and further, if solid, whether it is gel, 
glassy or jammed. This talk will discuss the full range of phase behavior derived from 
polyelectrolyte complexation. 
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Structure and function of synthetic polysaccharides 

Peter H. Seeberger1,2, peter.seeberger@mpikg.mpg.de. (1) Biomolecular Systems 
Department, Max-Planck-Institute for Colloids and Interfaces, Potsdam, Germany (2) Freie 
Universitat Berlin, Berlin, Berlin, Germany  

Automated glycan assembly (AGA)1 allows for the rapid preparation of polysaccharides using 
a commercial synthesizer.2 Access to diverse glycans as large as 100-mers that can be 
combined to create polysaccharides as large as 151-mers3 are enabling fundamental 
investigations into the structure and function of polysaccharides. Accelerated synthesis 
methods4 provide now access to ever more complex glycans including challenging cis-linked 
polysaccharides.5 

The synthetic work is combined with single molecule imaging,6 molecular modelling and other 
physical methods to characterize carbohydrate structures.7-9 Synthetic polysaccharides allow 
us to address fundamental questions of carbohydrate structure, folding and material science 
applications.10,11 Oligosaccharides self-assemble to form chiral supramolecular materials. 
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Glycodendrimersomes mimic functions of the glycan of biological membranes 

Virgil Percec, percec@sas.upenn.edu. Chemistry, University of Pennsylvania, Philadelphia, 
Pennsylvania, United States  

This lecture will discuss the discovery of amphiphilic Janus Dendrimers and Glycodendrimers 
that self-assemble in water and in buffer into dendrimersomes and glycodendrimersomes, as 
well as the discovery that sequence-defined monodisperse self-assembling Janus 
dendrimers and glycodendrimers and their hybrids with bacterial and human cells are efficient 
biological membrane mimics that encode functions via their sequence-defined primary 
structure and resulting supramolecular morphologies after self-assembly. Comparison of 
some of their functions with those of biological membranes will be discussed. 
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Living ROMP 

Robert H. Grubbs, rhg@caltech.edu. Chemistry, California Institute of Technology, 
Pasadena, California, United States  

Although ring opening metathesis polymerization was known since the 60's, the first living 
ROMP systems required to discovery of well defined metathesis initiators In the mid 80's. 
Since that time many ROMP catalysts have been discovered that will Initiate living 
polymerization. These systems have opened the way to the synthesis of a wide array of well 
devined polymer systems. 
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Chemistry and biology of human-derived complex secondary metabolites 

Erick M. Carreira, carreira@org.chem.ethz.ch. Chemistry and Applied Biosciences, 
Eidgenossische Technische Hochschule Zurich, Zurich, Zürich, Switzerland  

The talk will include discussion and analysis of strategies and tactics aimed at the synthesis 
of natural products targets with an emphasis on a class found in humans. The presentation 
will also include the design and synthesis of probes inpsired by natural products with which to 
study and decode biology. 
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Metallacycles, metallacages, and metallapolymers via coordination 

Peter J. Stang, stang@chem.utah.edu. Chemistry, The University of Utah, Salt Lake City, 
Utah, United States  

The use of just two types of building blocks, linear and angular, in conjunction with symmetry 
considerations allows the rational design of a wide range of metallocyciic polygons and 
polyhedra via the coordination motif. We have used this approach to self-assemble a variety 
of 2D supramolecular polygons such as triangles, rectangles, squares, hexagons, etc. as well 
as a number of 3D supramolecular polyhedra: truncated tetrahedral, triginal prisms, 
cubooctahedra, dodecahedra as well as metallapolymers. 

More recently we have functionalized these rigid supramolecular scaffolds with different 
electroactive, host-guest, dendritic, and hydrophobic/hydrophilic moieties and have 
investigated the properties of these multi-functionalized supramolecular species. Additionally, 
we have explored the self-assembly of 2D polygons and 3D polyhedra on a variety of 
surfaces with the aim of developing their potential in device settings. These supramolecular 
ensembles are characterized by physical and spectral means. The design strategy, 
formation, characterization and biomedical activities of these assemblies will be discussed, 
along with our very recent results. 
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Self-Assembly of dinuclear main group catalysts for enabling asymmetric synthesis 

Barry M. Trost, bmtrost@stanford.edu. Chemistry, Stanford University, Stanford, California, 
United States  

Synthetic efficiency demands that asymmetric synthesis, must be the long term objective for 
the synthesis of chiral molecules. While most attention has focused on transition metal 
catalysis, less effort has involved main group asymmetric catalysis. Furthermore, most metal 
catalysts are mononuclear. Given the nature of most chemical reactions wherein two groups 
are added, dinuclear catalysts have much more potential due to the ability to tailor the choice 
of metal to each reactant. A ligand derived from a,a-diarylprolinols and phenols provides 
spontaneous self-assembly of dinuclear metal complexes with zinc and/or magnesium as the 
metal. The effect of ligand structure on performance is evaluated. This catalyst has shown 
promise in asymmetric polymerization. Extension to hetero dinuclear chiral complexes is also 
illustrated. 
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Reinventing the synthesis of nature’s favorite polymers: Oligonucleotides 

Phil S. Baran, pbaran@scripps.edu. Chemistry, The Scripps Research Institute, La Jolla, 
California, United States  

The 1955 demonstration by Lord Todd that dinucleotides could be constructed using P(V)-
based chemistry was rapidly discarded with the advent of Carruthers pioneering 
phosphoramidate platform. This discovery revolutionized the field and enabled much of what 
we take for granted today in the oligonucleotide world. Our lab has been interested in 
reinvestigating whether the native P(V)-based chemistry that Nature uses in her approach 
has any place in mainstream oligonucleotide synthesis. This talk will focus on our latest 
strides in this area of inquiry. 
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Genome of liquid crystal elastomers: Encoding any arbitrary mesogen orientation 

Joanna Aizenberg, jaiz@seas.harvard.edu. Chemistry & Chemical Biology, Harvard 
University, Cambridge, Massachusetts, United States  

Dynamic functions of biological organisms often rely on arrays of actively deformable 
microstructures undergoing a nearly unlimited repertoire of predetermined and self-regulated 
reconfigurations and motions, most of which are difficult or not yet possible to achieve in 
synthetic systems. Here, we introduce stimuli-responsive microstructures based on liquid-
crystalline elastomers (LCEs) that display a broad range of hierarchical, even mechanically 
unfavored deformation behaviors. By polymerizing molded prepolymer in patterned magnetic 
fields, we encode any desired uniform mesogen orientation into the resulting LCE 
microstructures, which is then read out upon heating above the nematic-isotropic transition 
temperature (TN-l as a specific prescribed deformation, such as twisting, in- and out-of-plane 
tilting, stretching, or contraction. By further introducing light-responsive moieties, we 
demonstrate unique multifunctionality of the LCEs capable of three actuation modes: self-
regulated bending toward the light source at T < TN-I, magnetic-field-encoded predetermined 
deformation at T > TN-I, and direction-dependent self-regulated motion toward the light at T > 
TN-I. We develop approaches to create patterned arrays of microstructures with encoded 
multiple area-specific deformation modes and show their functions in responsive release of 
cargo, image concealment, and light-controlled reflectivity. We foresee that this platform can 
be widely applied in switchable adhesion, information encryption, autonomous antennae, 
energy harvesting, soft robotics, and smart buildings. 
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Digital manufacturing of polymer products 

Joseph M. DeSimone, jmdesimone@stanford.edu. Stanford University, Stanford, California, 
United States  

The production of polymer products relies largely on age-old molding techniques. Casting 
arose roughly 7,000 years ago. Polymer materials were first used in injection molding 150 
years ago. Since then, the basic approach to manufacturing polymer products at scale has 
not fundamentally changed. A major reason for this is that additive methods have not 
delivered meaningful alternatives to traditional processes. In this talk, I will describe 
Continuous Liquid Interface Production (CLIP) technology, which embodies a convergence of 
advances in software, hardware, and materials to bring the digital revolution to polymer 
additive manufacturing. CLIP uses software-controlled chemistry to produce commercial 
quality parts rapidly and at scale by capitalizing on the principle of oxygen-inhibited 
photopolymerization to generate a continual liquid interface of uncured resin between a 
forming part and a printer’s exposure window. This allows layerless parts to ‘grow’ 
continuously from a pool of resin, formed by light. Compatible with a wide range of polymers, 
CLIP opens major opportunities for innovative products across diverse industries. Previously 
unmakeable products are already manufactured at scale with CLIP, given its combination of 
performance, speed, and material choice. Additionally, at Stanford we are currently 
developing new high-resolution, high-throughput printing capabilities using CLIP, including for 
microneedle-based vaccine platform applications using unmoldable designs. 

 

 
  



~ 144 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Replacing antibiotics with polymeric antigens 

Laura L. Kiessling, kiesslin@mit.edu. Chemistry, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

Antibiotic overuse in animals fuels the dissemination of antibiotic resistant bacterial strains. 
An exciting possibility is to replace antibiotic use with alternative strategies based on 
immunity. Animals weight gain can be attenuated by immune responses. Our goal was to 
develop vaccines that could increase the yield of effective antibodies against key proteins 
involved in immunity to promote weight gain. An incomplete understanding of how to combine 
vaccine elements that promote B and T cell communication and yield enhanced antibody 
production is a major barrier to developing effective responses. To address this deficiency, 
we employed the ring opening metathesis polymerization (ROMP) to generate chemically 
defined multivalent antigens bearing B and T cell epitopes to robustly generate antibodies In 
chickens. Our findings that yielded effective vaccines that can mitigate the effects of immune 
system-dependent weight loss. We are applying our polymeric designs to generate subunit 
vaccines that yield increased antibody titer to replace the use of antibiotics. 
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Porphenes, a new family of fully conjugated two-dimensional polymers 

Thomas F. Magnera1, Paul I. Dron1, Jared P. Bozzone1, Victoria Schlutz1, Milena Jovanović1, 
Igor Rončević2, Wei Bu3, Elisa M. Miller4, Josef Michl1,2, Josef.Michl@colorado.edu. (1) 
Department of Chemistry, University of Colorado Boulder, Boulder, Colorado, United States 
(2) Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Prague, 
Czechia (3) ChemMatCARS, University of Chicago, Lemont, Illinois, United States (4) 
National Renewable Energy Laboratory, Golden, Colorado, United States  

Oxidative coupling of parent free-base porphyrin or metalloporphyrins on the surface of an 
aqueous subphase in a Langmuir-Blodgett trough yields single or multiple sheets of porphene 
(C20N4H2)∞, a regular fully conjugated two-dimensional polymer similar to graphene, but 
composed of fused porphyrin instead of benzene rings. Porphene structure was established 
by several spectroscopic and imaging techniques both in situ and after transfer to solid 
surfaces or grids. Density functional calculations with periodic boundary conditions suggest 
that the most stable tautomer contains a checkerboard arrangement of NH bonds, whose 
directions alternate as one proceeds from a macrocycle to its four nearest neighbors. 
Porphene properties can be tuned without taking any π centers out of conjugation, because 
under redox control the two protons centered in each macrocyclic ring can be reversibly 
exchanged for metal ions, and these can carry ligands. 
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Engineered bacterial films as soft materials 

David A. Tirrell, tirrell@caltech.edu. Chemistry and Chemical Engineering, California 
Institute of Technology, Pasadena, California, United States  

This lecture will describe our ongoing effort to engineer the physical properties of thin 
bacterial films by display of adhesive proteins on the cell surface. Studies of film fabrication 
and structure, in situ mineralization, and response to mechanical stress will be discussed. 

 

 
Preparation of thin bacterial films as soft materials 
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Molecular behavior in confined spaces 

Julius Rebek, jrebek@scripps.edu, Yang Yu. Center for Supramolecular Chemistry and 
Catalysis, Shanghai University, Shanghai, Shanghai, China  

This lecture follows the course of research that elaborates synthetic structures with concave 
surfaces into container compounds. These containers are deep, open-ended cavitands that 
largely surround their target molecules and confine their motions. The selectivity of the 
recognition event and the forces involved are presented. Progress on the development of 
water-soluble cavitands and their application to difficult separations are reported. The 
structure and vase-like shape of a deepened cavitand is shown below. 
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Fluoropeptides as biodegradable fluorinated biopolymers 

Beate Koksch, beate.koksch@fu-berlin.de. Institute of Chemistry and Biochemistry, Freie 
Universitat Berlin, Berlin, Berlin, Germany  

In a league of its own, fluorine has the potential to enable us to engineer biopolymers with 
highly desirable properties. In one of our current projects we work to establish fluorous 
interactions as an orthogonal tool in peptide and protein engineering. The incorporation of 
fluorine substituents in otherwise hydrophobic amino acid side chains induces sometimes 
drastic changes of biophysical properties of peptides with regard to hydrophobicity, 
lipophilicity and solubility that cannot be produced in this form by any other functionality 
known for natural amino acids. The combination of fluorine substituents, which lead to the 
much-described and widely used omniphobic properties in organic polymers, with the water-
soluble properties of peptides (depending on their sequence and folding) promises extremely 
interesting results. Surprisingly, peptides build up exclusively by fluorinated amino acids 
(fluoropeptides) are still largely unexplored. Thus, we break new scientific ground. 

We have established a chemical synthesis approach that enables access to various side 
chain fluorinated, aliphatic amino acids in gram-scale. This made possible the synthesis of a 
library of the first fluoropeptides which are fluorinated foldamers of α peptides consisting of 
differently fluorinated variants of α aminobutyric acid (Fig. 1). Our library design allows a 
systematic study on the impact of the fluorination degree of the individual amino acid on 
peptide properties such as hydrophobicity and conformation. The fluoropeptide library was 
studied in the presence of different liposomes by CD and IR spectroscopy as well as in 
fluorescence based leakage assays and HPLC based hydrophobicity assays. 

 
Figure 1: Rational design of fluoropeptide library 
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Catalytic upcycling of polyolefins by C-H bond functionalization 

John F. Hartwig, jhartwig@berkeley.edu. Chemistry, University of California Berkeley, 
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. The 
development of these reactions, the mechanisms of these reactions, and the new properties 
created by the installation of this functionality will be presented in this seminar. 
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Connecting organic and polymer chemistry through chirality and supramolecular 
chemistry 

Egbert W. Meijer, e.w.meijer@tue.nl. Institute for Complex Molecular Systems, Eindhoven 
University of Technology, Eindhoven, Netherlands  

Although the word polymer was already coined by Jöns Jakob Berzelius in 1833, it was 
through the pioneering work of Hermann Staudinger in 1920, that it was recognized that the 
macroscopic properties of polymers both in solution and solid state are the result of the 
macromolecular nature of the molecules. The impressive progress in supramolecular 
chemistry, however, paved the way to design polymers and materials that lack the 
macromolecular structure. Instead, highly directional secondary interactions are used to 
assemble many small organic molecules into a polymer array. Especially ordered arrays of 
molecules are highly interesting due to the cooperative nature of their supramolecular 
assembly processes and the chirality of the polymers formed. In the lecture, the concept of 
supramolecular polymers will be illustrated with a special focus on multicomponent assembly 
and the use of chirality to understand these assembly processes and to use the chirality due 
to its unprecedented functionalities. 
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Challenges in transition metal polyolefin catalysis: Polar comonomer copolymerization 
and polyolefin deconstruction 

Tobin J. Marks, t-marks@northwestern.edu. Chemistry, Northwestern University Judd A and 
Marjorie Weinberg College of Arts and Sciences, Evanston, Illinois, United States  

Today polyolefin materials created by rationally designed early transition metal catalysis are 
produced on a vast commodity scale and for a myriad of societally relevant applications. 
Furthermore, careful mechanism-based catalyst design has enabled the production of 
commercial macromolecules with equisite control of architecture, rheology, and numerous 
other desirable chemical and physical properties. Nevertheless, two challenges have proven 
difficult for conventional polyolefin catalytic processes to surmount and are the subject of this 
lecture: 1) The introduction of polar functional groups into polyolefins which would enhance 
polymer surface adhesion, rheology, mixing, and other functional properties needed for 
advanced, value-added products. While metal catalyst-mediated copolymerization of non-
polar olefins with polar comonomers would seem to be the most straightforward, atom- and 
energy-efficient approach, the Lewis basicity of polar co-monomers introduces a severe 
impediments. Here we report new groups 3 and 4 catalytic systems and successful strategies 
for copolymerizing non-polar olefins with polar comonomers. This includes advances in the 
mechnistic understanding of polar monomer enchainment mechanism, focusing on barriers 
and strategies to mitigate them, as well as the properties of the resulting materials. The 
approach is both experimental and theoretical. 2) The efficient deconstruction of diverse 
polyolefin homopolymers and copolymers to reduce molecular mass with significant rates and 
selectivity, without co-production of other undesirable carbonaceous materials. Here we 
report the synthesis and physiocochemical characerization of new families of highlly 
electrophilic organo-early transition metal catalysts which mediate the rapid hydogenlysis of 
polyethylene homo- and co-polymers as well as isotactic polypropylene under mild 
conditions. Detailed experimental and theoretical studies of the mechanism(s) by which the 
C-C cleaving hydrogenolysis processes proceed and their implications are discussed. 
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Think and link in two directions: A monomer-selective heteronuclear Zn/Y catalyst for 
block polymers from aliphatic polycarbonates and functional polyolefins 

Alina Denk, alina.denk@tum.de, Sebastian Kernbichl, Andreas Schaffer, Moritz Kränzlein, 
Thomas Pehl, Bernhard Rieger. WACKER-Chair of Macromolecular Chemistry, Technische 
Universitat Munchen Fakultat fur Chemie, Garching, Bayern, Germany  

Driven by the increasing interest in sustainable polymers, CO2-based aliphatic 
polycarbonates have been intensively studied in the past years. To broaden their application 
horizon, a combination with other classes of polymers would allow tailoring the resulting 
product properties to meet growing expectations. Encouraged by this idea we successfully 
terpolymerized three different monomers, cyclohexene oxide (CHO), CO2, and 2-vinylpyridine 
(2VP). The ring-opening copolymerization (ROCOP) of CHO and CO2 is catalyzed at the β-
diiminate (BDI) zinc moiety of the catalyst resulting in poly(cyclohexene carbonate) (PCHC). 
The yttrium metallocene site of the complex catalyzes the rare earth metal-mediated group-
transfer polymerization (REM-GTP) of the Michael-type monomer 2VP towards poly(2-
vinylpyridine) (P2VP). The two underlying polymerization mechanisms could be combined 
with the help of a novel heterobifunctional complex. Its two catalytic centers are connected 
with a pyridyl-alkoxide linker, which serves as initiating group at the zinc unit and is 
subsequently introduced to the yttrium metallocene via C-H bond activation. The sucessful 
synthesis of the targeted P2VP-block-PCHC terpolymer via sequential or one-pot procedure 
was confirmed by aliquot gel-permeation chromatography (GPC) analysis and solubility 
behavior tests. Moreover, 2VP was replaced with another Michael-type monomer, namely 2-
isopropenyl-2-oxazoline (IPOx), to synthesize the terpolymer poly(IPOx)-block-PCHC, 
demonstrating the variability of the presented method. The resulting polymers, which 
combine aliphatic polycarbonates and polar, functional polyolefins, enable specific structural 
variations and terpolymer properties that would not be possible with the respective 
homopolymers. 
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Sustainable terpene-based polyamides and their co-polymers as potential 
biocompatible high-performance polymers 

Magdalena M. Kleybolte, lena@kleybolte.de, Malte Winnacker. Chemie, Technische 
Universitat Munchen, Munchen, Bayern, Germany  

Terpene-derived polymers are bio-based and (socio-economically) sustainable, as they not 
only consist of renewable resources -the terpenes- but are also mainly non-food based and 
relatively low-cost. The establishment of these terpene-based polymers would contribute to a 
much "greener" polymer industry. Additionally, terpenes offer unique, hard-to-synthesize 
chemical structures suitable for the synthesis of special high-performance polymers. 
Especially terpene-based polyamides (PAs) and their co-polymers attract a huge scientific 
and industrial interest, since PAs show a wide range of applications from consumer goods to 
high-performance polymers in either technical or biomedical fields. However, to render them 
commercially interesting and/or attractive, terpene-based polymers and their monomers must 
be simple to synthesize and to upscale. 

To meet the interests in these sustainable high-performance bio-based PAs in the first place, 
we synthesized lactams from the most abundant cyclic terpenes limonene and pinene (here: 
β-pinene) via oxime formation and Beckmann rearrangement. The lactams were 
subsequently polymerized via ring-opening polymerization (ROP) resulting in their PAs and 
co-polymers using e-caprolactone or other terpene-based lactams. Regarding industrial 
application, we succeeded in optimizing the monomer synthesis by significantly simplifying 
the formation of β-pinene- and limonene-based lactams. Also, an upscale (> 30 g) in both 
procedures was possible. 

For the ROP different catalysts and initiators were investigated. In both cases -limonene and 
β-pinene lactam- polymers were obtained. For the future, the molar masses will be increased 
not only to show industrial applicability but also to examine processing procedures. A future 
task will also be the comparison of the synthesized polyamides and eventually their co-
polymers based on limonene and β-pinene in respect to their synthesis routes, their individual 
mechanical and physical properties and biocompatibility (regarding the application as 
biomaterials). 
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Introducing precision polymerization to poly(acrylonitrile) - group-transfer 
polymerization for polymer-analogous reactions 

Jonas M. Breitsameter, jonas.breitsameter@tum.de, Bernhard Rieger. TUM Department of 
Chemistry, Technische Universitat Munchen, Munchen, Bayern, Germany  

Since the beginnings of polymer science post-polymerization modifications, also known as 
polymer-analogous reactions (PARs) always were present. Besides the functionalization of 
naturally occurring macromolecules the concept of PARs can also be utilized on the 
functionalization of synthetic polymers for accessing polymer characteristics which are not 
accessible directly from the monomer or the polymerization approach itself. 
In the case of Spring 2022, ACS National Meeting - POLY Graphical Abstractacrylonitrile 
(PAN) which can only be obtained from rather uncontrolled radical polymerization methods 
resulting in ill-defined macromolecules regarding molecular weight or polydispersity. By 
applying homogeneous tailor-made metal complexes, PAN-precursor structures are 
accessible via catalytic group transfer polymerization (GTP). Those complexes offer the 
advantage of precisely tuning polymer parameters such as chain-length, stereoregularity and 
molecular weight distribution. As acrylonitrile is not polymerizable directly via GTP two PAR 
approaches are investigated for the synthesis of PAN: the application of various common 
protecting groups on acrylamide and subsequent deprotection after polymerization or the 
post-polymerization amidation reaction of Spring 2022, ACS National Meeting - POLY 
Graphical Abstractmethyl acrylate (PMA). 
In terms of the protection-group strategy a selection of new potential GTP-monomers such as 
N,N-di(tert-butyloxycarbonyl) acrylamide (Boc2AA), N,N-dibenzyl acrylamide (Bn2AA) or N,O-
bis(trimethylsilyl) acrylamide (TMSAA) could be identified as suitable starting materials. 
These protected acrylamides are applicable in GTP using metal complexes yielding precisely 
defined polyamides which can be deprotected and dehydrated towards PAN. For the PMA 
based approach the methoxy units is substituted via nucleophilic attack on the carbonyl 
yielding Spring 2022, ACS National Meeting - POLY Graphical Abstractacrylamide as well. 
Both PAR approaches offer the advantage of controlling parameters of the PANs molecular 
structure such as copolymer compositions or stereoregularity. 
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Modifications to poly[n]catenane sythesis and the effect on polymeric structure 

Marissa Tranquilli1, mtranquilli@uchicago.edu, Benjamin Rawe2, Guancen Liu1, Stuart J. 
Rowan1,2. (1) University of Chicago Division of the Physical Sciences, Chicago, Illinois, 
United States (2) University of Chicago Pritzker School of Molecular Engineering, Chicago, 
Illinois, United States  

Mechanically interlocked polymers (MIPs) derive their name from the unique mechanical 
bonding motif in which the polymer components are constrained in space but not physically 
bound to each other. MIPs have received increasing attention of late due to their potential in 
the fields of molecular machines and smart soft materials. Of these materials, one of the most 
synthetically challenging architectures is the poly[n]catenane, a polymer composed only of 
interlocked macrocyclic rings, where n is equal to the number of interlocked rings. After our 
initial synthesis of the first poly[n]catenane material, our work has primarily focused on 
investigating the synthetic details of the initial material and making modifications to the pre-
made ring structure. The work presented here will discuss our first modifications to the 
component (thread) undergoing the metathesis reaction. By making slight modifications to the 
length of the alkene tail where the metathesis reactions occurs and the linker opposite the 
reaction site (see abstract figure), we are able to observe appreciable differences in the 
poly[n]catenanes created. Three new poly[n]catenane structures were characterized 
extensively via NMR and GPC analyses. This talk will focus on the poly[n]catenane materials 
resulting from these syntheses and how slight modifications to the initial thread structure can 
affect the overall yield, molecular weight, and architecture of a poly[n]catenane material. 
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Microdroplet-mediated controlled radical polymerization in aqueous media 

Kyoungmun Lee1, lkm2387@kaist.ac.kr, Hyun-Ro Lee1, Younghun Kim1, Sheng Li1, 
Myungeun Seo2, Siyoung Choi1. (1) Chemical and Biomolecular Engineering, Korea 
Advanced Institute of Science and Technology, Daejeon, Daejeon, Korea (the Republic of) 
(2) Chemistry, Korea Advanced Institute of Science and Technology, Daejeon, Daejeon, 
Korea (the Republic of)  

Micron-sized aqueous droplets serve as a unique reactor that causes various chemical 
reactions not seen in bulk solutions, but their application in synthesizing high molecular 
weight products remains unclear. This study demonstrates that compartmentalization in 
aqueous microdroplets enclosed by oil effectively facilitates radical polymerization even 
without chemical initiators (Fig. 1). The polymerization proceeds by ultrasonic emulsification 
in the presence of a reversible addition fragmentation chain transfer agent. Hydroxyl radicals 
are generated near the large interface of microdroplets and initiate the polymerization 
reaction, which therefore converts an interfacial energy into the synthesis of polymeric 
materials. In sharp contrast, none of these reactions occurs in a bulk water environment. The 
microdroplet-derived synthesized polymers maintain some properties of controlled radical 
polymerization, such as linear first-order kinetics and linear increase in polymer chain length 
with conversion. Encouragingly, we also observed catalyst-free synthesis of functionalized 
poly(α-olefin) utilizing microdroplet-mediated polymerization. Our findings indicate that 
microdroplet may provide a novel platform to synthesize traditionally restricted polymers such 
as functionalized poly(α-olefin). Furthermore, this initiator-free microdroplet-induced 
polymerization could also suggest green pathways for synthesizing high molecular weight 
products in cells confined to micrometer-sized reactors without enzymes or catalysts. Our 
insight into the effect of reactor size on polymerization may provide relevant implications for 
the emerging field of microdroplet chemistry. 

 Fig. 1. Aqueous microdroplet-induced initiator-free RAFT 
polymerization. Strong electric field formed near the microdroplet oil/water interface induces the continued formation of 
hydroxyl radicals which could initiate controlled radical polymerizations. 
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Brushing up on 2D materials - polymer functionalised metal-organic nanosheets 
(PolyMONs) 

Michael Harris, mharris5@sheffield.ac.uk, Joshua Nicks, Bradley Westwater, Jonathan 
Foster, Anthony J. Ryan. Chemistry, The University of Sheffield, Sheffield, Sheffield, United 
Kingdom  

Combining graphene-like 2D materials with 1D polymers can be used to create composites 
with improved mechanical, barrier, electrical and thermal properties. However, poor matching 
between the surface properties of simple inorganic 2D materials and organic polymers can 
lead to poor dispersion, weak interfaces and void spaces reducing the performance of these 
materials . Metal-organic framework nanosheets (MONs) have a modular structure that 
combines organic ligands with metal-nodes allowing for systematic tuning of surface 
chemistry. MONs have already been used in combination with polymers to create 
membranes for gas-separation and water purification, solar cells, supercapacitors and 
electrodes for catalysis and sensing . 

Here we report the formation of PolyMONs, a new class of MONs whose surfaces are 
covalently functionalised with polymers to enhance integration with surrounding polymer 
matrix. A variety of approaches have previously been used to functionalise 3D metal-organic 
frameworks with polymers, but the high external surface area, anisotropic structure and 
nanoscopic dimensions of 2D PolyMONs open up new opportunities for enhancing the 
properties of polymers. We have previously developed a wide range of MONs whose 
surfaces can be functionalised post-synthetically with different catalytic or sensing groups. 
We have created a variety of PolyMONs via a “graft-from” approach in which the polymers 
are grown off the surface through either ring-opening or ATRP approaches (Figure 1). We’re 
currently investigating “graft-on” approaches in which pre-synthesised polymers are added to 
functional groups on the nanosheet surface. The PolyMONs have been found to show 
enhanced dispersion and reduced aggregation compared to unfunctionalised nanosheets. 
Ongoing work is comparing the use of PolyMONs within polymer composites and the effect 
on their mechanical and thermal properties. 

 
Figure 1: Ultrasonic liquid exfoliation of amino-functionalised layered MOF to form nanosheets which are then 
post-synthetically functionalised through surface initiated polymerisation. 
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Entropy-driven depolymerization of natural and synthetic silicon-containing polymers 

Jordan Torgunrud, jordan.torgunrud@hotmail.com, Aracelee M. Reveron Perez, Stephen A. 
Miller. University of Florida, Gainesville, Florida, United States  

Commodity polymers primarily face three end-of-life scenarios: landfilling, thermal recycling 
whereby the material is incinerated for energy production, and recycling in which the material 
is re-purposed for lower quality products. One of these commodity materials is 
polydimethylsiloxane (PDMS), commonly called silicone. PDMS is used in lubricants and 
hydraulic fluids (low molecular weight) or in caulks and sealants (high molecular weight). To 
synthesize PDMS and other silicon-containing polymers, silica is subjected to energy-
intensive carbothermal reduction by which Si(IV) in silica is reduced to Si(0), then oxidized 
back to Si(IV) in the presence of alkyl chlorides via the Müller-Rochow process. If the PDMS 
is discarded at the end of its use, not only does it contribute to environmental pollution, but it 
also removes that material as a potential feedstock. Chemical recycling presents an 
alternative mechanism for managing end-of-life materials. Depolymerization of polysiloxanes 
has primarily focused on the use of mono-alcohols or acid derivatives, often requiring high 
temperatures, high pressures, or non-green reagents with multi-step upstream chemistry. 
Alternatively, silicon-containing polymers may be made without the circuitous redox chemistry 
by extracting the silicon directly from silica with chelating diols. Using a chelating diol 
provides a thermodynamic driving force for extracting silicon from both silica and 
polydimethylsiloxane, allowing for moderate temperatures and ambient pressure. Acid-
catalyzed metathesis reactions between tetramethylorthosilicate or dimethoxydimethylsilane 
and diols to produce silaspirocycles or dimethylsilacyloalkanes, respectively, indicate silicon’s 
thermodynamic preference for diols over mono-alcohols. Herein we present a one-step 
method for depolymerizing silica or polydimethylsiloxane whereby the product can be 
obtained by extraction or distillation, respectively. 
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Stereoretentive acyclic diene methathesis polymerization 

Samuel Kempel, sjkemp1@tamu.edu, Ting-Wei Hsu, Quentin Michaudel. Chemistry, Texas 
A&M University, College Station, Texas, United States  

The cis and trans content of unsaturated polymers has tremendous influence on mechanical, 
optical, and thermal properties. However, methods to finely tune this ratio remain scarce. The 
invention of stereoretentive olefin metathesis has invigorated the field of stereocontrolled 
polymerization. Thus, polymer chemists have been granted an exciting route to precise 
modulation of polymer properties. Standing out among these stereodefined polymers is all-cis 
poly(p-phenylene vinylene) (PPV) which can be obtained with living characteristics through 
stereoretentive ROMP of [2.2]paracyclophane dienes. The smaller effective conjugation 
length of all-cis PPV make it less desirable for material applications, but its highly improved 
solubility in organic solvents relative to the all-trans form make efficient, selective synthetic 
methods of all-cis PPV desirable. Unfortunately, the synthesis of [2.2]paracyclophane dienes 
is quite complex, thereby limiting the viability of stereoretentive ROMP in industrial and 
academic settings. To tackle this limitation, a research program was developed to design and 
execute a stereoretentive acyclic diene metathesis (ADMET) polymerization of simple, easy-
to-access dienes. Typical ADMET polymerizations deliver poor stereocontrol due to the 
reversibility of the olefin metathesis process that favors the thermodynamic product, often 
leading to formation of trans alkenes. By installing dienes with the correct Z (cis) 
stereochemical information on the monomer unit, disubstituted benzenes fitted with Z-
propenyl groups can be polymerized in the presence of a stereoretentive catalyst to afford all-
cis PPV. Furthermore, this stereoretentive ADMET was extended to aliphatic polymers 
bearing diverse functionalities for rigorous comparison between cis and trans polymers. 
Stereoretentive ADMET exists as a fascinating platform to interrogate the influence of olefin 
configuration on material properties and inform polymer design. 
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Allenes as enabling motifs in soft polymers 

Nicholas J. Galan, Johnathan N. Brantley, johnathan.brantley160@gmail.com. Chemistry, 
The University of Tennessee Knoxville, Knoxville, Tennessee, United States  

Allenes have been largely underexplored in the context of polymers, but they hold promise for 
engendering materials with tunable properties. For example, allenes could be engaged 
through post-synthetic modification (a powerful strategy for tailoring soft materials). While 
methods for side-chain functionalizations abound, modifications of backbone structural 
elements can be difficult to achieve. This challenge arises, in part, from a lack of intrinsically 
reactive motifs that can be installed in the main chain of a polymer. Incorporating established 
synthetic handles into polymer architectures is paramount for overcoming this limitation. 
Allenes are salient examples of moieties that could be leveraged in a wide range of post-
synthetic modifications; however, the synthesis of a polyallene has proven elusive. We have 
established the Skattebøl rearrangement as a reliable method for acessing an array of 
polyallenes. These materials possess unique optical properties and can be engaged through 
further post-synthetic modifications. As such, polyallenes could serve as valuable platforms 
for developing functional soft materials. 
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Multi-variable and multi-objective self-optimisation of RAFT polymerisation - 
experimental, theoretical, and digitally augmented 

Clarissa Y. Wilding1,2, pmcypw@leeds.ac.uk, Stephen T. Knox1,2, Richard A. Bourne1,2, 
Nicholas J. Warren1,2. (1) School of Chemical and Process Engineering, University of Leeds, 
Leeds, Leeds, United Kingdom (2) Institute of Process Research and Development, 
University of Leeds, Leeds, Leeds, United Kingdom  

Digitisation of chemical manufacturing is an evolving field of research in both academia and 
industry; providing a high throughput platform for polymer scientists to explore and optimise 
reaction space. Typically, in the synthesis of high value smart polymeric materials, low 
dispersity and high conversion are desired. Optimisation of multiple objectives such as 
dispersity and conversion are often labour intensive, expensive, and wasteful, driving the 
need for innovation. As we increase the number of variable parameters; human capability to 
interpret large datasets is challenged, thus making true optimisation more difficult. Recently, 
there has been growing interest in the application of machine learning algorithms to chemical 
synthesis. This area is well investigated for the optimisation of small molecule chemical 
reactions; but there are very few examples where these processes are applied to polymer 
synthesis. Here, we demonstrate the use of an autonomous, self-optimising reactor platform 
integrated with - in-line bench-top NMR and at-line GPC to gather conversion and dispersity 
data. The data from this orthogonal analysis instrumentation is fed into a machine learning 
algorithm which changes parameters - to target high conversion and low dispersity. This 
enabled optimisation of a RAFT polymerisation reaction without a priori knowledge of the 
system, in a reduced number of experiments. We subsequently aim to improve the efficiency 
of the self-optimisation by augmenting the platform with a kinetic and dispersity model which 
can conduct in-silico screening for directed exploration of polymerisation parameter space. 
This further reduces the number of experiments required to find the optimum conditions for 
RAFT; thus, increasing sustainability of the process dramatically. 
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Homogeneous gold catalysis as a platform towards upcycled aromatic polymers 

Samuel Hunt, samuel.hunt@usm.edu, Eric R. King, Levi J. Hamernik, Lauren E. Gonce, 
Jeffrey S. Wiggins, Jason D. Azoulay. Polymer Science and Engineering, University of 
Southern Mississippi, Hattiesburg, Mississippi, United States  

Chemical upcycling offers a cost effective, efficient, and atom economical pathway towards a 
sustainable plastics industry. Due to the compounding increase in polymer production (~8 % 
compounded annually) there is an increasing need to develop these chemical strategies. 
Herein, we report a novel synthetic pathway toward polymer upcycling through homogeneous 
gold (Au) catalysis towards value added products from plastic waste. The unique reactivity of 
Au catalysts toward unsaturated C–C bonds provides a platform for the functionalization of 
commercial polymer materials. Optimization of the catalyst, co-catalyst identity, catalyst 
loading, reaction temperature, and solvent allowed for efficient polymer functionalization 
under facile reaction conditions unprecedented in traditional upcycling approaches. Changes 
in the molecular weight and polymer structure, determined via chromatographic and 
spectroscopic experiments provided direct evidence of polymer functionalization in the 
absence of deleterious side reactions commonly observed in analogous transformations. This 
approach was found compatible with post-consumer plastic waste, demonstrating direction 
functionalization of these materials in a single step, in the presence of plastic additives, and 
under mild conditions. The reactions proceed with unprecedented catalytic performance, 
demonstrating that the homogeneous Au catalysis can open new opportunities for the 
chemical transformation of waste polymer materials. 
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Anionic ring-opening polymerization of activated aziridines 

Jen-Yu Chang, jchang15@crimson.ua.edu, Chandan Giri, Taoguang Qu, Paul Rupar. The 
University of Alabama System, Tuscaloosa, Alabama, United States  

Aziridines polymerize exclusively via a cationic mechanism to form a hyperbranched polymer. 
In contrast, N-sulfonylaziridines polymerize via anionic ring-opening polymerization (AROP) 
to form linear poly(sulfonylaziridines), although subsequent removal of the sulfonyl group 
remains problematic. In this work, the polymerization of aziridines with non-sulfonyl electron 
withdrawing groups is reported. The kinetics of the polymerizations will be discussed and 
evidence of chain transfer presented. 

 

 
 
AROP of aziridines 
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Backbone-photodegradable polymers by incorporating acylsilane monomers via ring-
opening metathesis polymerization 

Banruo Huang1,2, banruohuang@berkeley.edu, Mufeng Wei2, Emma Vargo3, Yiwen Qian3, 
Ting Xu3,4,2, Dean Toste1,2. (1) Chemical Sciences Division, E O Lawrence Berkeley National 
Laboratory, Berkeley, California, United States (2) Chemistry, University of California 
Berkeley, Berkeley, California, United States (3) Materials Science & Engineering, University 
of California Berkeley, Berkeley, California, United States (4) Materials Science Division, E O 
Lawrence Berkeley National Laboratory, Berkeley, California, United States  

Materials capable of degradation upon exposure to light hold promise in a diverse range of 
applications including biomedical devices and smart coatings. Despite the rapid access to 
macromolecules with diverse compositions and architectures enabled by ring-opening 
metathesis polymerization (ROMP), a general strategy to introduce facile photodegradability 
into these polymers is lacking. Here, we report copolymers synthesized via ROMP that can 
be degraded by cleaving the backbone both in solution and solid states under irradiation with 
a 52 W, 390 nm Kessil LED to generate heterotelechelic low-molecular-weight fragments. To 
the best of our knowledge, this work represents the first instance of the incorporation of 
acylsilanes into a polymer backbone. Mechanistic investigation of the degradation process 
supports the intermediacy of an α-siloxy carbene, formed via a 1,2-photo Brook 
rearrangement, which undergoes insertion into water followed by cleavage of the resulting 
hemiacetal. 
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Polyvinyl alcohol modification with sustainable ketones 

Yu-Kai Su1, yukaisu@ufl.edu, Caroline Coxwell2, Steven Shen1, Stephen A. Miller1. (1) 
Chemistry, University of Florida, Gainesville, Florida, United States (2) Chemistry, University 
of North Carolina at Chapel Hill College of Arts and Sciences, Chapel Hill, North Carolina, 
United States  

A series of polyvinyl ketals was synthesized by the condensation of commercially available 
polyvinyl alcohol (PVA) and biobased ketones, raspberry ketone, zingerone, D-
dihydrocarvone, and levulinic acid, as well as acetone, butanone, 3-pentanone, 
cyclopentanone, cyclohexanone, 3,3,5-trimethylcyclohexanone, along with the aldehyde 
furfural. Ketalization was confirmed and measured by 1H NMR, ranging from 15.3 to 69.2%. 
The number average molecular weights of the polyvinyl ketals ranged from 24400 to 41100 
Da, according to the mass added by ketalization. The glass transition temperature (Tg) of 
PVA, 75 °C, increased through ketalization, reaching 78 °C to 127 °C or through acetalization 
with furfural, reaching 138 °C. Kinetic studies of polyvinyl acetone ketal (PV-A-K) formation 
showed the ketalization reaction neared equilibrium (69% ketalization) in 4 hours at 40 °C. 
During room temperature heterogeneous degradation studies, PV-A-K completely hydrolyzed 
in 1 day at pH = 2 or in 3 months at pH = 5; after 2 years in deionized water or seawater, 
ketalization diminished from 69% to 66% (3% hydrolysis). At 80 °C over 3 months, PV-A-K 
ketalization diminished to 5% (95% hydrolysis) in deionized water and to 1% (99% hydrolysis) 
in seawater. These studies suggest that polyvinyl ketals are suitable candidates for water-
degradable packaging materials. 
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Cyclic Polyolefins: Synthesis, characterization, and post-polymerization modifications 

Digvijayee Pal, dpal@chem.ufl.edu, Zhihui Miao, John Garrison, Lily Diodati, Daniel A. 
Savin, Adam S. Veige, Brent S. Sumerlin. University of Florida, Gainesville, Florida, United 
States  

Manipulating polymer topology is an alternative method to alter the physical properties of 
polyolefins without the need for extrinsic modifiers. For example, cyclic polymers exhibit 
different solution and bulk properties as compared to their linear analogs. Thus, 
investigations into the cyclic analog of commodity polyolefins may provide an insight into 
changes in the solution and bulk properties. The large-scale synthesis of cyclic polyolefins, 
however, is synthetically challenging. Herein, we report ring-expansion polymerization (REP) 
of alkynes by using a tethered tetra-anionic pincer ligand-supported tungsten catalyst. 
Subsequent post-polymerization modifications of the products provide access to cyclic 
polymers in large batches. We compared these polymers to their linear analogs using light 
scattering measurements, solution viscometry, thermal analysis, and rheology. In all cases, 
differences were observed which could be attributed solely to the cyclic architecture. To 
obtain visual confirmation of the cyclic topology by atomic force microscopy (AFM), we 
devised a REP and subsequent atom-transfer radical polymerization technique to generate 
cyclic bottlebrush polymers, i.e., macrocycles that contain pendant side-chain polymers on 
nearly every repeat unit of the cyclic chain. Indeed, by grafting side chains of polystyrene and 
poly(butyl acrylate) from the cyclic polymer backbones, direct visual confirmation via AFM 
was made possible. To further explore the potential scope of this post-polymerization 
modification strategy, amphiphilic cyclic bottlebrush polymers were produced by grafting 
amphiphilic block copolymer side chains onto the cyclic polymer backbone. Interestingly, 
these polymers were found to self-assemble into a unique morphology of spheres with a 
single pore in water. In contrast, under identical experimental conditions, linear bottlebrush 
polymers did not aggregate into this morphology but rather exhibited a porous sphere 
morphology. 
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Sub-surface initiated atomic transfer radical polymerization 

Feng Zhou, zhouf@licp.cas.cn. Lanzhou Institute of Chemical Physics, CAS, Lanzhou, 
Gansu, China  

Surface-initiated atom transfer radical polymerization (SI-ATRP), provides a general route for 
grafting polymer brushes from substrates. However, the poor mechanical tolerance of 
polymer brush layer highly limits its real engineering application, due to its ultra-thin thickness 
of hundreds of nanometers. In order to address this problem, we developed a new 
polymerization methodology, sub-surface initiated atom transfer radical polymerization (sSI-
ATRP), to construct thick and robust sub-surface polymer brushes layer with dozens of 
microns. In this methodology, the haloid initiator moieties are covalently coupled with acrylic 
polymers, polyurethane, epoxy resin and other materials, and triggered polymerization in 
hydrophilic monomer solutions. In this process, surface-grafted hydrophilic polymer brushes 
make the surface of the materials hydrophilic and swell so that the monomer solution can 
contact the initiator embedded in the materails to trigger new ATRP reactions. 
Correspondingly, a thick polymer brush modified sub-surface layer can form on the substrate 
finally. In comparison to the conventional surface floated polymer brushes, the embedded 
polymer brushes give materails better mechanical tolerance and stability. Using sSI-ATRP 
method, we have developed a series of layered lubrication materials or coatings by robustly 
entangling thick hydrophilic polyelectrolyte brushes into the sub-surface of high strength 
hydrogels. The as-prepared materials and coatings are capable of attaining low friction 
coeffcients under heavily loaded conditions in water environment, a performance incredibly 
close to that of natural articular cartilage. We expect that sSI-ATRP method can open a new 
door for surface polymerization chemistry, and guide to develop more functional new 
materials. 

 
Polymerization kinetics and characterizations of sSI-ATRP. 
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Mechanical performance of multi-armed crosslinked polymer networks 

Peter Hayes, hayespj@miamioh.edu, Mehdi Zanjani. Mechanical and Manufacturing 
Engineering, Miami University, Oxford, Ohio, United States  

As research advances on the study of dynamically crosslinked polymer systems, many new 
avenues are being explored. Multiple past studies have focused on simpler crosslinkers that 
only have two bonding sites to connect to polymer backbones. Previous work has discussed 
the effect of parameters such as configurational arrangement or alterations within the 
crosslinkers’ microstructures on the overall mechanical properties of the polymer composite. 
This study intends to investigate how including additional arms and bonding sites within the 
crosslinking agents may affect the mechanical behavior of crosslinked polymer networks. 
With additional arms on the agents, multiple polymer strands could theoretically be held 
together with a strong connection which would enhance the overall properties. 

We utilize coarse-grained Molecular Dynamics (MD) simulations to build models of various 
polymer networks with multi-armed crosslinkers. We then investigate the mechanical 
behavior of the polymer materials as a function of crosslinking architecture. The effect of 
angular stiffness of multi-armed crosslinkers on the mechanical properties of polymer 
networks is studied through calculating stress-strain curves from MD simulations. Our result 
show that increasing the number of crosslinking arms provides a mechanical advantage 
when compared to the simpler two-ended crosslinkers. Multi-armed crosslinkers introduce a 
larger number of degrees of freedom for controlling physical properties of polymer 
composites compared to basic crosslinkers, and may provide new opportunities for a variety 
of materials design applications. 

 
Schematic description of simple vs multi-armed crosslinked polymer networks. MD simulations are 
utilzied to predict mechanical properties of the material as a function of network architecture.  
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Exploring diversity-oriented modifications of borylated polymers 

Brian P. Jacobs, Johnathan N. Brantley, johnathan.brantley160@gmail.com. Chemistry, 
The University of Tennessee Knoxville, Knoxville, Tennessee, United States  

Diversity-oriented strategies can facilitate rapid exploration of chemical space during small 
molecule synthesis, but similar approaches are underutilized for macromolecular substrates. 
Expanding the repertoire of soft material transformations to accommodate iterative 
diversifications could enable the design of bespoke polymers with a range of novel structures 
and properties. To explore this concept, we chose to leverage the efficiency of Suzuki-
Miyaura cross-coupling to rapidly access an array of functionalized polyolefin surrogates. A 
variety of C(sp2) electrophiles efficiently coupled with our model polymers in high conversions 
(53–99%) and good yields (44–96%). The coupled products exhibited negligible changes in 
overall dispersity (as determined by GPC), which suggested the desired couplings occurred 
with good fidelity. Select products were subjected to further modifications (e.g. Wittig 
olefination, reduction, imine condensation) to showcase the diverse array of reactivities that 
can be accessed using our strategy. 
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Molecular design features for charge transport in radical polymers 

Ying Tan1, tan294@purdue.edu, Bryan W. Boudouris1,2, Brett M. Savoie1. (1) Davidson 
School of Chemical Engineering, Purdue University System, West Lafayette, Indiana, United 
States (2) Department of Chemistry, Purdue University System, West Lafayette, Indiana, 
United States  

Nonconjugated radical macromolecules (i.e., polymers with aliphatic backbones containing 
radicals at the pendant sites of repeating units) have received significant attention due to their 
unique chemical and physical (e.g., redox, optoelectronic, and magnetic) properties. Despite 
their ascendance, reported radical conductors are based almost exclusively on (2,2,6,6-
tetramethylpiperidin-1-yl)oxyl (TEMPO), which raises fundamental questions regarding the 
ultimate limits of charge transport in these materials. To address this point, we have 
performed a density functional theory study of the charge transfer characteristics of a broad 
range of open-shell chemistries relevant to radical conductors, including p-type, n-type, and 
ambipolar open-shell chemistries. We observe that, far from being representative, TEMPO 
exhibits anomalously high reorganization energies due to strong spin localization. This, in 
turn, limits charge transfer in TEMPO compared with more delocalized open-shell species. By 
comprehensively mapping the dependence of charge transfer on radical-radical orientation, 
we also identified a large mismatch between the conformations that are favored by 
intermolecular interactions and the conformations that maximize charge transfer in the open-
shell chemistries investigated. Significantly, this mismatch was not apparent of the galvinoxyl 
radical, which contributes to higher charge-transfer rates. These findings inspired the design 
of the first low-glass transition temperature n-type radical polymer with relatively high 
conductivity. Moreover, by implementing semi-empirical quantum chemistry calculations, we 
discovered that intrachain couplings between radicals are facilitated when the radicals have a 
strong propensity to aggregate. These efforts bring forward key structure-property 
relationships in radical polymers and suggest significant opportunities for next-generation 
open-shell macromolecules. 
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Hydrophobic modification of starch using IBPOSS-NH2 for multifunctional applications 

Ishan N. Jayalath1, ijayala@okstate.edu, Sedhuraman Mathiravedu3, Dilli Dhakal2, Bhishma 
R. Sedai1,3, Ranji Vaidyanathan2, Frank D. Blum1. (1) Department of Chemistry, Oklahoma 
State University, Stillwater, Oklahoma, United States (2) School of Material Science and 
Engineering, Oklahoma State University, Tulsa, Oklahoma, United States (3) MITO Material 
Solutions, Indianapolis, Indiana, United States  

The dispersion of starch in polymer composites is facilitated by the hydrophobic modification 
of starch prior to blending it with the matrix resin. The covalent grafting of long chain 
hydrocarbons to starch is a widely used approach although it has some limitations. This study 
presents a novel approach to synthesize hydrophobically modified starch by grafting 
aminopropyl isobutyl polyhedral oligomeric silsesquioxane (IBPOSS-NH2) to starch. Thermo-
chemical characterization of the additive was carried out by FTIR, XRF, 1H NMR,13C NMR, 
and TGA. The degree of substitution of IBPOSS-NH2 in the starch was calculated as 0.01 
based on the mole percent of IBPOSS-NH2 in the modified starch. The change of 
hydrophobic character of modified starch was estimated by water contact angle, which was 
found to be 100° after modification. This is significantly larger than pristine starch and 
compared to previously reported methods. The present results suggests that IBPOSS-NH2 
modified starch could be used as an effective additive for polymer composites with 
multifunctional applications. 
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Impact of open-shell loading on the electrochemical properties of conjugated radical 
polymers 

Kangying Liu1, liuky0422@yahoo.com, Kuluni Perera1, Zhiyang Wang1, Jianguo Mei1, Bryan 
W. Boudouris1,2. (1) Chemistry, Purdue University, West Lafayette, Indiana, United States (2) 
Charles D. Davidson School of Chemical Engineering, Purdue University, West Lafayette, 
Indiana, United States  

Radical polymers are an emerging class of redox-active macromolecules, and they hold great 
potential in a range of applications. However, most studies regarding radical polymers have 
focused on materials with nonconjugated macromolecular backbones because the 
application drivers did not require conjugation along the polymer chain. Conversely, there has 
been a recent rise in the development of radical polymers for next-generation applications 
where imparting conjugation to the backbone of the radical polymer could be of significant 
benefit. To this end, we designed and synthesized a series of 3,4-propylenedioxythiophene-
based (ProDOT-based) polymers bearing nitroxide radical pendent groups using a direct 
arylation polymerization (DArP) mechanism. Specifically, we present four radical polymers 
with open-shell loadings ranging from 24% to 82% of the total number of repeat units per 
polymer chain. The impact of open-shell loading on the electrochemical behaviors of these 
polymers was established using cyclic voltammetry, spectroelectrochemical analyses, and 
electrochemical quartz crystal microbalance with dissipation monitoring. Incorporating the 
open-shell moieties lowers the oxidation onset potential of the conjugated backbone in both 
non-aqueous and aqueous electrolytes. As the radical loading increases, the solvent and ion 
uptake both increase significantly during the redox process. Thus, this work provides a clear 
picture of the mass transfer and doping mechanism in the ProDOT-based radical polymers 
and sheds light on their potential in mixed conduction applications. 
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Conjugated polymer synthesis by controlled radical polymerization 

Magali Dallegre1, magali.dallegre@univ-amu.fr, Anthony Kermagoret1, Jean-Louis Clément1, 
Didier Siri1, Gaëlle Chouraqui2, Laurent Commeiras2, Jean-Luc Parrain2, Didier Gigmes1. (1) 
Institut de Chimie Radicalaire, Marseille, Provence-Alpes-Côte d'Azu, France (2) Institut des 
Sciences Moleculaires de Marseille, Marseille, Provence-Alpes-Côte d'Azu, France  

Since Heeger, MacDiarmid and Shirakaw’s acetylene synthesis, for which they were awarded 
the 2000 Nobel prize, many conducting polymers were developed and used for biomedical, 
energetics or electronics applications. Such materials are often obtained by electrochemical 
polymerization, chemical oxidation polymerization, and transition-metal-catalyzed 
polycondensation. However, these methods show significant drawbacks such as the use of 
potentially dangerous metals or drastic reaction conditions. To overcome these potential 
limitations, our goal is to prepare conjugated polymers by nitroxide mediated polymerization. 
Typically, our work focuses on benzocyclobutanes (BCB) as monomers for the synthesis of 
poly(ortho-phenylene vinylene) (PoPV), materials showing many interesting applications such 
as OLED technology. 

In this communication, we will present the BCB monomer synthesis as well as their physico-
chemical behavior by Differential Scanning Calorimetry (DSC) and Electron Spin Resonance 
(ESR). The computational studies on the opening of the monomer and the stability of the 
alkoxyamine will be discussed. Finally, results for the obtained polymeric materials with low 
dispersity and controlled molar masses will be shown. 
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Introducing dynamic bonding and degradability through lipoate copolymerizations 

Yoichi Okayama1, yoichi_okayama@ucsb.edu, Chungryong Choi2, Javier Read de Alaniz3, 
Christopher M. Bates4, Craig J. Hawker5. (1) Materials Research Laboratory, University of 
California Santa Barbara, Santa Barbara, California, United States (2) Department of 
Chemistry & Biochemistry and Materials Department, University of California Santa Barbara, 
Santa Barbara, California, United States (3) Department of Chemistry & Biochemistry, 
University of California Santa Barbara, Santa Barbara, California, United States (4) Materials 
Department, Materials Research Laboratory, and Department of Chemical Engineering, 
University of California Santa Barbara, Santa Barbara, California, United States (5) Materials 
Department, Department of Chemistry & Biochemistry, and Materials Research Laboratory, 
University of California Santa Barbara, Santa Barbara, California, United States  

Due to the increasing demands for environmentally friendly materials, bio-derived and 
degradable materials are of major interest. Lipoic acid and its derivatives, which contain a 
reactive 5-membered cyclic disulfide ring, undergo copolymerization with vinyl monomers 
leading to S-S units along the backbone. This has the potential of unique dynamic properties 
such as self-healing, reconfigurability, and degradability. In this presentation, fundamental 
studies of copolymerization of lipoate derivatives (lipoic acid ester) with conventional vinyl 
monomer (acrylate, styrene and etc.) will be described. The properties of the resulting 
copolymers are found to be tunable and illustrate a path towards sustainability for vinyl-based 
materials. 
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Synthesis and processing of a furan-based epoxy resin for high temperature 
applications 

Amy Honnig1,2, honniga1@rowan.edu, Giuseppe Palmese1,2. (1) Chemical Engineering, 
Rowan University, Glassboro, New Jersey, United States (2) Chemical and Biological 
Engineering, Drexel University, Philadelphia, Pennsylvania, United States  

Epoxy resins contain an oxirane ring prior to cure and require a curing agent or catalyst to 
create a three-dimensional, cross-linked network. Curing agents include acid anhydrides and 
primary or secondary amines. Common catalysts are tertiary amines. The final polymer 
properties depend on the type and quantity of curing agent or catalyst used. Epoxy resins are 
known for having high tensile strength, good chemical resistance, and dimensional stability. 
Despite having a range of favorable properties, epoxy resins are highly flammable making 
them challenging to use in high temperature applications. One pathway to improve thermal 
stability is to incorporate molecules with inherently high char yields. A high char yield is 
favorable in high temperature applications because the char acts as a thermal insulator and 
protects the bulk material from excess heat and mass transfer. 

Epoxy resins have an additional concern. Many commercially available epoxy resins are 
synthesized from bisphenol A (BPA). BPA is a known human endocrine disruptor and 
sourced from petroleum-based feedstocks. Therefore, there is a need to find a suitable 
renewable alternative to BPA that can be used in synthesizing epoxy resins for high 
temperature applications. 

Furan is a five-membered, heterocyclic, aromatic compound from renewable 
polysaccharides. The aromatic nature and renewable feedstock make furan a good 
alternative to benzene. Additionally, furan is known to increase the char yield when used in 
polymer networks. Poly(furfuryl alcohol), a furan-based thermoset, is primarily used as a high 
temperature foundry binder further confirming furan’s ability to increase thermal stability. 

In this study, furan-based furfuryl amine was epoxidized to create a furan-based, renewable 
diepoxy monomer. The diepoxy monomer contained two tertiary amines eliminating the need 
for a curing agent or catalyst to form a cross-linked polymer. The curing behavior was 
investigated using Differential Scanning Calorimetry. Thermogravimetric and viscoelastic 
tests were performed on the cured polymer. The final char yield at 1000 °C was 39 ± 1 % with 
a Tg of 79 ± 1 °C based on the tan delta. 
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Degradable polymer structures from carbon dioxide and butadiene 

James M. Eagan, eagan@uakron.edu. School of Polymer Science and Polymer 
Engineering, University of Akron, Akron, Ohio, United States  

Utilizing carbon dioxide as a polymer feedstock is an ongoing challenge for the field of 
polymer synthesis. In this talk, we will describe the catalytic conversion of carbon dioxide and 
1,3-butadiene to a degradable polymer structure. The microstructure of the material arises 
from an unexpected combination of ring-opening and conjugate addition mechanisms. The 
procedure, isolation, and characterization of the material will be described and how the 
structure was ultimately assigned. Potential mechanisms of propagation will be provided 
along with the degradation properties of the materials. The discovery expands the 
possibilities of structure that are accessible from olefins and CO2 feedstocks. 
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Versatile, narrow-disperse, heterobifunctional polydimethylsiloxane (PDMS) 

Allison Abdilla, Yoichi Okayama, Michael Czuczola, michaelczuczola@gmail.com, Craig J. 
Hawker, Javier Read De Alaniz. Chemistry & Biochemistry, University of California Santa 
Barbara, Santa Barbara, California, United States  

Silicones are high value polymers that exhibit properties which are unmatched by organic 
polymers due in large part to the unusual behavior of the Si-O bond. Although symmetric 
linear polysiloxanes with the same functional group at both termini are commonly made on 
industrial scales, very few reports have explored their heterotelechelic analogues (two 
different functional groups) due to limitations in the asymmetric polymerization of 
cyclicsiloxane oligomers. Here, we present a versatile and scalable strategy to obtain 
heterotelechelic PDMS through ring opening polymerization with a functional initiator. The 
functional initiator allows modification of the α chain end while termination introduces 
functionality on the ω end. These materials were characterized with 1H, 13C, and 29Si NMR 
spectroscopy. MADLI-TOF was used to verify chain end fidelity. This work lays down the 
platform to synthesize narrow-disperse heterobifunctional PDMS with versatile chain end 
functionality. 
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Cyclopentadiene derivative as a single component, catalyst free to form a flexible 
polymer network 

Thi M. Tran, thitran@ucsb.edu, Javier Read De Alaniz. Chemistry, University of California 
Santa Barbara, Santa Barbara, California, United States  

Homogeneous polymer network is highly attractive due to its synthetic ease, high purity and 
straightforward mechanical property. We are interested in Diels-Alder (DA) chemistry for 
macromolecular syntheses due to its simplicity, scalability, and absence of catalysts. 
However, most of the common DA reactants are consisted of two components, an electron-
rich diene and an electron-poor dienophile. As a result, there are associated challenges such 
as stoichiometry, solubility, and long synthetic steps. We propose that a highly reactive single 
component will resolve these issues. Cyclopentadiene (CPD) is the most promising candidate 
due to its unique property of serving as both diene and dienophile to form dicyclopentadiene 
(DCPD). Furthermore, its dimer's known retro-DA at 180 °C is ideal for selective 
depolymerization. Intriguingly, not many efforts have been put into exploring this potential 
compound, partly due to the historically significant challenge of handling its reactivity, dating 
back to Staudinger and Stille. Wudl later controlled the instability of the CPD monomer by 
synthesizing a protected cyclic DCPD monomer, which was then cracked in situ at high heat. 
A single-component polymer network was synthesized with trimer formation as the 
crosslinking point. However, the specific cyclic design of the monomer and trimer crosslinking 
have limited the syntheses of new DCPD functional materials significantly. We are inspired 
that with our strategy to gain access to a variety of pure CPD derivatives, new DCPD 
materials can be obtained. Specifically, we utilized our previously reported norbornadiene-
tetrazine cascade reactions to synthesize and isolate a pure 4-arm CPD monomer. A new 
highly crosslinked DCPD polymer network was successfully synthesized. The material is 
tough and has fast shape-recovery with Tg of 22 °C. The storage modulus is 1.4 GPa before 
Tg and 5.0 MPa after Tg. The material is ideal for shape-memory effect and is selectively 
depolymerized at 150 °C with proper additives. 
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Functionalized δ-hexalactone (FDHL) Monomers to Synthesize Higher Tg Aliphatic 
Polyesters 

Atik Faysal1, atik.faysal@maine.edu, Thomas J. Schwartz2, William Gramlich1. (1) 
Department of Chemistry, University of Maine System, Orono, Maine, United States (2) 
Chemical & Biomedical Engineering, University of Maine System, Orono, Maine, United 
States  

Functionalized δ-hexalactone (FDHL) monomers are hypothesized to be synthesizable from 
hydroxymethyl furfural (HMF) and lignin-derived pendent groups (Figure 1a, route A), 
generating a variety of aliphatic polyesters and potentially overcome current polymer 
challenges. Achieving a higher glass transition temperature (Tg) is one of the main obstacles 
for the current bio-based thermoplastics. A successful FDHL monomer synthesis used 
commercially available methyl cyclopentanone-2-carboxylate as a starting material (Figure 
1a, route B). Different bulky, lignin derivatives were incorporated as pendant groups (alkyl: 
methoxy and cyclohexanol; aromatic: phenol, 1-naphthol, and 2-phenyl phenol, 4-phenyl 
phenol) in the monomer to increase the glass transition temperature (Tg) beyond that possible 
from poly(δ-valerolactone). Different acidic to super basic organocatalysts (DPP, TBD, and t-
BuP4, etc.) were screened to polymerize these low ring strain monomers at room temperature 
via ROP. Typical equilibrium polymerization behavior was observed at room temperature, 
and the reaction was observed to be pseudo-first-order to monomer concentration in solution. 
The Tg for poly(MDHL) was found -44 °C, while Tg observed for poly(PDHL) was 6 °C due to 
the presence of the bulky phenolic pendant group to the main polymer chain. By further 
adding another phenolic group at the pendant position we found the Tg about 36 °C for 
poly(2-PhPDHL), which is 100 °C increase from the unsubstituted poly(δ-valerolactone) 
(Figure 1b). 

Figure 1. a) Schematic diagram for the 
synthesis of FDHL monomers and polymerization path to get different polyesters. b) Structures of the 
synthesized new polyester polymers bearing different bulky pendant groups and their trend in the 
increase of glass transition temperature (Tg)  
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RAFT dispersion polymerization of methyl methacrylate in mineral oil: High glass 
transition temperature of the core-forming block constrains the evolution of copolymer 
morphology 

Csilla Gyorgy1, cgyorgy1@sheffield.ac.uk, Chloe Verity1, Thomas J. Neal1, Matthew J. 
Rymaruk1, Erik J. Cornel1, Timothy Smith2, David J. Growney2, Steven P. Armes1. (1) 
Chemistry, The University of Sheffield, Sheffield, Sheffield, United Kingdom (2) Lubrizol Ltd, 
Belper, Derbyshire, United Kingdom  

RAFT dispersion polymerization of a prototypical methacrylic monomer, methyl methacrylate 
(MMA), is performed in mineral oil using various poly(lauryl methacrylate) (PLMA) precursors 
prepared with a trithiocarbonate-based RAFT agent. GPC analysis indicated reasonably 
narrow molecular weight distributions (Mw/Mn ≤ 1.39) for all diblock copolymers, with 1H NMR 
studies indicating high MMA conversions (≥95%) for all syntheses. An efficient one-pot 
synthesis protocol enabled high blocking efficiencies to be achieved when targeting higher 
PMMA DPs. However, the relatively high glass transition temperature (Tg) of the 
corresponding core-forming PMMA block unexpectedly constrains the evolution in copolymer 
morphology during polymerization-induced self-assembly (PISA). More specifically, well-
defined PLMA22–PMMAx spheres (x = 19–39) and relatively short worms (x = 69–97) can be 
obtained at 90 °C when using a PLMA22 precursor but targeting higher x values (x ≥ 108) 
invariably leads to colloidally unstable aggregates of spheres, rather than long worms or 
vesicles. Interestingly, similar constraints were observed when targeting higher solids, when 
using n-dodecane instead of mineral oil, or when employing an alternative steric stabilizer 
block. Raising the PISA synthesis temperature from 90 to 115 °C (i.e., from below to above 
the Tg of the final PMMA block) does not alleviate this unexpected problem. Moreover, only 
spherical nanoparticles can be obtained at 115 °C when targeting PMMA DPs between 50 
and 400 with the same PLMA22 precursor. This suggests that nanoparticle formation may 
occur by a chain expulsion/insertion mechanism at this relatively high reaction temperature. 
PLMA22–PMMAx nanoparticles were characterized in terms of their particle size and 
morphology using dynamic light scattering (DLS), transmission electron microscopy (TEM), 
and small-angle X-ray scattering (SAXS). DLS and TEM studies of a 0.1% w/w dispersion of 
PLMA22–PMMA69 short worms indicated an irreversible worm-to-sphere transition on heating 
from 20 to 150 °C. Oscillatory rheology and TEM studies indicated that this thermal transition 
was only partially reversible for a 20% w/w dispersion of PLMA22–PMMA69 short worms. 
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Macromolecular engineering of PVDF via the RAFT process 

Marc Guerre2, Enrique Folgado1, Vincent Bouad5, Mona Semsarilar4, Bruno M. Ameduri1, 
Gilles Silly1, Masami Kamigaito6, Rinaldo Poli3, Vincent Ladmiral1, 
vincent.ladmiral@enscm.fr. (1) Institut Charles Gerhardt de Montpellier, Montpellier, 
Languedoc-Roussillon, France (2) Laboratoire Interactions Moleculaires et Reactivite 
Chimique et Photochimique, Toulouse, Midi-Pyrénées, France (3) Laboratoire de Chimie de 
Coordination, Toulouse, Midi-Pyrénées, France (4) Institut Europeen des Membranes, 
Montpellier, Languedoc-Roussillon, France (5) Unite Materiaux et Transformations, 
Villeneuve-d'Ascq, Hauts-de-France, France (6) Nagoya Daigaku, Nagoya, Aichi, Japan  

Polyfluoroolefins such as polyvinylidene fluoride (PVDF) and its copolymers are an important 
class of semi-crystalline high added-value polymers, owing to their uncommon properties of 
chemical and ageing resistance as well as their superior electroactivity. The preparation of 
well-defined polyfluoroolefin-based architectures such as block copolymers is not easy due to 
the peculiar reactivity of the fluorinated monomers. Recent studies of the RAFT 
polymerization of VDF showed how this chemistry could be harnessed to synthesize a large 
range of original polymer architectures such as block copolymers (BCP) for example. 
Amphiphilic PVDF-based block copolymers are still very rare. This communication will 
present recent advances in the macromolecular engineering of VDF-based materials allowing 
the preparation of well-defined PVDF-based architectures. It will also show how these 
semicrystalline BCP can self-assemble in solution to form unprecedented higher-order 
morphologies via crystallization-driven self-assembly. 

 
Macromolecular engineering of PVDF 
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Carbon-negative polymer cements from terpenoids and waste sulfur as recyclable, 
acid-resistant building materials 

Charini Maladeniya, cmalade@clemson.edu, Rhett C. Smith. Chemistry, Clemson 
University, Clemson, South Carolina, United States  

Elemental sulfur is a waste product of fossil fuel production that has accumulated annually in 
megaton quantities. The discovery of inverse vulcanization, pioneered by Pyun in 2013, 
unlocked a new class of material. Plant-derived terpenoids are widely used for 
pharmacological and biological activities. Terpenoids and terpenoid derivatives are also 
possible surrogates to take the place of petrochemical olefins. In the current research, it was 
discovered that the formation of crosslinks between the elemental sulfur and the olefinic units 
of terpenoid with heat treatment leads to remeltable materials with structural characteristics 
competitive with those of commercial goods. 

Portland cement production accounts for CO2 emission at a level similar to that of all global 
road transportation. Carbon-negative cement products are therefore essential to humanity’s 
quest to supplant traditional technologies with more sustainably-sourced alternatives. In this 
contribution, carbon-negative polymer cements were prepared in a 100% atom-economical 
reaction between plant-derived terpenoid alcohols (citronellol, geraniol, or farnesol) and 
elemental sulfur. The influence of component ratio on thermal and mechanical properties of 
composites were determined by di-unsaturated geraniol and tri-unsaturated farnesol , GerSx, 
FarSx (x = wt % sulfur) respectively. 

The sulfur incorporated into composite was characterized by using DSC measurements. The 
1H NMR spectrometric measurements revealed unexpected cyclization of terpenoids in the 
composite. The high mechanical strengths of the terpenoid-sulfur composite are the 
accountable factors for the use of building materials. Compressive strength measurements 
were undertaken to assess the viability of terpenoid-sulfur composites as structural elements. 
Chemical resistance of the material is another significant attribute that was assessed for 
these composites. The noticeable improved compressive strengths were discovered for both 
high olefins contain composites (80 -85% of terpenoids). 
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Allylic bromination and subsequent Spring 2022, ACS National Meeting - POLY 
Graphical Abstractgrafting via ATRP to control macromolecular architecture 

Vincent M. Torres1, vincent.torres001@albright.edu, Robert Hickey2,3. (1) Chemistry, The 
Pennsylvania State University, University Park, Pennsylvania, United States (2) Materials 
Science and Engineering, The Pennsylvania State University, University Park, Pennsylvania, 
United States (3) Materials Research Institute, The Pennsylvania State University, University 
Park, Pennsylvania, United States  

Control over macromolecular architecture and chemical functionality allows for tuning 
polymer material properties, such as mechanical performance and ionic conduction. Here, we 
present an effective post-polymerization functionalization method to synthesize grafted 
poly(butadiene) (PBD) via allylic bromination and subsequent atom transfer radical 
polymerization (ATRP) grafting. The highlight of this work is that the graft density and graft 
length can be tuned by adjusting the amount of bromine functionalized to the polymer 
backbone and by altering monomer to macroinitiator ratios, respectively. Furthermore, the 
use of ATRP allows for tailoring polymer graft chemistry, which is critical for uses in different 
applications such as polymer electrolyte membranes. Additionally, functionalizing block 
copolymers using the same allylic bromination and ATRP grafting, it is possible to control 
material nanostructure, as confirmed with small-angle X-ray scattering (SAXS) and 
transmission electron microscopy (TEM). The work presented here demonstrates a novel and 
tunable post-polymerization functionalization method that opens new avenues for converting 
polydienes. 

 
  



~ 184 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Controlling the supramolecular self-assembly of nucleobase-containing block 
copolymer nanostructures 

Spyridon Varlas1,2, spyridon.varlas@gmail.com, Jeffrey Foster2, Marjolaine Thomas2, Zan 
Hua3,4, Rachel K. OReilly2. (1) Chemistry, The University of Sheffield, Sheffield, Sheffield, 
United Kingdom (2) Chemistry, University of Birmingham, Birmingham, Birmingham, United 
Kingdom (3) Chemistry, University of Warwick, Coventry, West Midlands, United Kingdom (4) 
Biomass Molecular Engineering Centre, Anhui Agricultural University, Hefei, Anhui, China  

The solution self-assembly of amphiphilic block copolymers has facilitated the preparation of 
a wide variety of nano-objects of diverse morphology. Nucleobase-containing block 
copolymers and their nanostructures have been extensively studied for their ability to mimic 
DNA and for their specific and complementary hydrogen-bonding interactions. Recently, our 
group has reported a novel supramolecular self-assembly process for tuneable growth of 
well-defined anisotropic worm-like micelles from isotropic spherical micelle seeds, based on 
H-bonding interactions between complementary adenine (A)- and thymine (T)-containing 
block copolymers. Based on our initial study, the universal character of this hierarchical self-
assembly mechanism has been further extended herein toward transforming nucleobase-
containing block copolymer vesicles, prepared via aqueous reversible addition-fragmentation 
chain-transfer (RAFT)-mediated polymerization-induced self-assembly (PISA), as well as 
core–shell bottlebrush polymers (BBPs) synthesized via a combination of ring-opening 
metathesis polymerization (ROMP) and RAFT polymerization, following a “grafting-from” 
approach. In both cases, unique higher-order morphologies could be accessed and their 
characteristics could be precisely tuned by controlling the degree of polymerization and molar 
ratio of complementary A- and T-functionalized copolymers. Overall, our work highlights the 
potential of nucleobase-containing block copolymer nano-objects as platforms for 
understanding fundamental self-assembly processes and their future application in catalysis, 
sensing, and nanomedicine. 
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High strength composites from low-value animal coproducts and industrial waste 
sulfur 

claudia V. lopez1, cvlopez@clemson.edu, Ashlyn D. Smith1,2, Rhett C. Smith1. (1) Chemistry, 
Clemson University, Clemson, South Carolina, United States (2) Biology and Chemistry, 
Anderson University Bookstore, Anderson, South Carolina, United States  

Low value animal fats, notably brown grease, represent one of the most underutilized by-
products from agricultural animal processing. It is estimated that more than 1.7 million tons of 
low value animal fats are produced in the US annually. Chemically, these low value animal 
fats are primarily comprised of triglycerides and fatty acids. Herein, we report the synthesis of 
high sulfur content materials using the atom economical inverse vulcanization process. A 
blend of canola or sunflower oil with brown grease was used as the organic crosslinker and 
yield high strength composites CanBGx and SunBGx (x = wt% sulfur, varied from 85–90 %). 
The thermal stability and transitions of the composites were assessed using 
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). These 
composites were also characterized by infrared spectroscopy, dynamic mechanical analysis 
(DMA), mechanical test stand analysis, elemental analysis, and powder X-ray diffraction. The 
high sulfur content materials exhibited impressive compressive (28.7–35.9 MPa) and flexural 
strengths (between 6.5–8.5 MPa). The mechanical properties of these composites 
significantly exceed that of previously reported fatty acid-sulfur composites and traditional 
building materials such as Portland cement. These first investigations using low value animal 
fats such as brown grease to yield high sulfur content materials with improved mechanical 
properties represent a promising alternative to better utilize animal coproducts for value-
added high-strength sustainable structural materials. 
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Thiol-acrylate chain transfer polymerization to prepare and functionalize liquid 
crystalline elastomers 

Tayler Hebner, tayler.hebner@colorado.edu, Christopher Bowman, Timothy J. White. 
Chemical and Biological Engineering, University of Colorado Boulder, Boulder, Colorado, 
United States  

Liquid crystalline elastomers (LCEs) are functional materials whose stimuli-response is 
strongly influenced by mechanical properties dependent on the development of the polymer 
network. These networks are commonly fabricated by subjecting acrylate monomers to 
polymerization reactions with thiols. This work explores the network structure and properties 
as a result of LCE polymer networks formed via radical-mediated photopolymerization 
reactions using diacrylate liquid crystalline monomers with dithiols. Control experiments 
contrasting these reactions to conventional thiol-acrylate photopolymerizations in non-liquid 
crystalline media indicate that the liquid crystalline structural character strongly hinders 
mobility of reactive species during the formation of the LCE polymer network. Detailed 
analysis using monoacrylates indicates that these reactions produce LCEs composed of 
singly-reacted dithiols and numerous dangling ends in the structure. The unreacted thiol end 
of the dithiols incorporated in the LCE polymer network is utilized to facilitate post-
functionalization of the LCE with reactive additives for additional degrees of control of 
functional material properties. 
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Understanding deactivation in organocatalyzed atom transfer radical polymerization 
through investigation of photoredox catalyst radical cations 

Daniel Corbin, dnlcorbin2@gmail.com, Blaine McCarthy, Zach van de Lindt, Garret Miyake. 
Department of Chemistry, Colorado State University, Fort Collins, Colorado, United States  

Organocatalyzed atom transfer radical polymerization (O-ATRP) is a controlled radical 
polymerization method employing organic photoredox catalysis to produce polymers with 
targeted molecular weights, narrow molecular weight distributions, and complex 
architectures. Previously, much of the work in this field has focused on the design of new and 
improved catalysts to access polymerizations that can be performed using visible light 
irradiation while maintaining a high degree of control over the polymerization of various 
acrylate and methacrylate monomers. The result of this work has been the introduction of 
several new organic photoredox catalysts (PCs), as well as an improved understanding of 
how catalyst structures impact activation in O-ATRP. However, deactivation – the process 
that enables control over these radical polymerizations – has historically been understudied, 
especially with regard to the PC radical cations thought to be responsible for this process. In 
this presentation, recent work investigating PC radical cations to better understand 
deactivation in O-ATRP is discussed. As a result of this work, new side reactions are 
identified that can limit polymerization control in O-ATRP, the role of PC radical cations in 
deactivation is probed, and factors influencing the deactivation process are uncovered. 
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Synthesis of isohexide diyne polymers and hydrogenation to their saturated 
polyethers 

Ethan A. Gormong, gormo001@umn.edu, Theresa M. Reineke, Thomas R. Hoye. 
Chemistry, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States  

The incorporation of renewable feedstocks into polymer backbones is of great importance in 
modern polymer science. We report the synthesis of 1,3-diyne polymers derived from the 
bispropargyl ethers of isosorbide, isomannide, and isoidide. The dialkyne monomers can be 
polymerized through an adaptation of the Glaser–Hay coupling using a nickel(II) cocatalyst. 
These well-defined diyne polymers bear an iodoalkyne end group, afforded through an 
unanticipated reductive elimination pathway, and display glass transition temperatures (Tg) 
from 55 to 64 °C. Fully saturated, analogous polyethers can be prepared from the 
hydrogenation of the diyne polymers, and these show Tg values between −10 and −2 °C. 
Both the 1,3-diyne polymers and the saturated analogues display similar trends in their Tg 
values vis-à-vis the stereochemical features of the isohexide unit within the backbone. This 
polymerization provided access to two series of isohexide-based polyethers, the thermal 
properties of which are influenced by the nature of the 2,4-hexadiynyl and hexamethylene 
linkers as well as the relative configuration of the bicyclic subunit in the backbone. The 
reported method represents an important step toward accessing well-defined polyethers from 
renewable feedstocks using readily available catalysts and convenient ambient conditions. 
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SuFEx click chemistry for highly functional polymers. 

Han Zuilhof1,2,3, han.zuilhof@wur.nl. (1) Organic Chemistry, Wageningen University & 
Research, Wageningen, Netherlands (2) Pharmaceutical Sciences, Tianjin University, Tianjin, 
China (3) Chemical Engineering, King Abdulaziz University, Jeddah, Saudi Arabia  

Click chemistries have transformed polymer chemistry, with their potential to add functionality 
with remarkable easy to precisely defined polymer structures. Our group has contributed to 
that via the first polymer formation using the SuFEx reaction based on SOF4 as building 
block and high-end characterization down to the individual polymer chain level (Nature 
Chemistry 2021, 13, 858), and via the application of intrinsically chiral click reactions (ACIE 
2020, 59, 7494) to - most recently - the formation of polymers with configurational backbone 
chirality. 

The presentation outlines this development, will discuss both synthetic features and polymer 
characterization in detail and will sketch directions where to go from here. 
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Synthesis and characterization of folate-targeted monodisperse PEG-based 
conjugates made by chemo-enzymatic methods for cancer diagnosis and treatment 

Kristof Molnar1, molnar.182@osu.edu, Gayatri Shrikhande2, Judit E. Puskas1. (1) 
Department of Food Agricultural and Biological Engineering, The Ohio State University, 
Wooster, Ohio, United States (2) Dantari, Inc, Thousand Oaks, California, United States  

This paper focuses on the synthesis and characterization of new bivalent folate-targeted 
PEGylated doxorubicin (FA2-dPEG-DOX2) made by modular chemo-enzymatic processes 
using Candida antarctica lipase B (CALB) as biocatalyst. Unique features are the use of 
monodisperse PEG (dPEG) and the synthesis of FA-SH yielding exclusive γ-conjugation of 
folic acid (FA). In comparison, conjugates in the literature use the activated ester method to 
attach FA to polymers that gives a mixture of products that need to be purified to separate the 
biologically active γ-conjugate. The synthetic strategies are shown in Figure 1. 

DOX fluoresces in the red so it has dual properties as both a diagnostic and therapeutic 
agent. It does not interfere with live tissue fluorescence. The modular approach with enzyme 
catalysis leads to selectivity, full conversion and high yield, and no transition metal catalyst 
residues. Flow cytometry analysis showed that at 10 µM concentration, both free DOX and 
FA2-dPEG-DOX2 would be taken up by 99.9% of triple-negative breast cancer cells in 2 h. 
Fluorescence was detected for 5 days after injecting compound IV into mice. Preliminary 
results showed that intra-tumoral injection seemed to delay tumor growth more than 
intravenous delivery. 

 
Figure 1. Synthesis of FA2-dPEG-DOX2 (a) and FA-SH (b)  
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Arm-first star polymer synthesis using photo-ATRP and their application towards 
nanoreactors for functional metal nanoparticle synthesis 

Priyanka Biswas, priyanka_biswas@student.uml.edu, Randall A. Scanga, Ali Shahrokhinia, 
James F. Reuther. Chemistry, University of Massachusetts Lowell, Lowell, Massachusetts, 
United States  

Photo-controlled Atom Transfer Radical Polymerization (Photo-ATRP) mediated by UV light 
(λ = 365 nm) was utilized, for the first time, to synthesize star polymers by arm-first method. 
Star diblock copolymers were prepared by a two-step process starting with a one pot 
amphiphilic diblock copolymer synthesis containing poly(oligo(ethylene glycol) methyl ether 
acrylate) (POEGA) blocks and poly(t-butyl acrylate) (PtBA) blocks. Star diblock copolymers 
were successfully prepared using various rigid and flexible crosslinkers using CuIIBr2/ Tris[2- 
(dimethylamino)ethyl]amine (Me6TREN) catalyst systems in trifluoroethanol (TFE) and 
CuIIBr2/tris(pyridin-2-ylmethyl)amine (TPMA) catalyst systems in water. Amphiphilic block 
copolymers POEGMA-b-PtBA form micelles in water by ultrasonication followed by 
crosslinking using photo-ATRP. Star-star coupling side reactions were minimized due to the 
preassembling of micelles. Very high molecular weight with narrow dispersity star diblock 
copolymers were obtained. After the deprotection of tert-butyl moieties, the star diblock 
copolymer will be utilized as nanoreactors in the future for fabricating functional metal 
nanoparticle (MNP) gels and superlattices. 
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Dienes and diamondoids: Exploring a novel elastomer 

Connor J. Hill2, Mark F. Roll1, mroll@uidaho.edu. (1) Materials Science & Engineering, 
University of Idaho, Moscow, Idaho, United States (2) Chemical & Biological Engineering, 
University of Idaho, Moscow, Idaho, United States  

When studying the chemistry of materials and their structure-property relationships, it can be 
valuable to consider combinations of molecular motifs with dissimilar characteristics to probe 
the impact of each motif on the resulting properties. Rubbery materials hold a unique place in 
human society and the chemistry of materials due to their viscoelastic properties, where the 
enigmatic glass transition plays a central role. 

Polyisoprene is perhaps the canonical rubber, and represents an astonishingly hydrophobic 
biopolymer, with a glass transition ca. -60 to -70 °C. The cis- form is amorphous and liquid at 
low molar masses, while the harvested biopolymer is solid, but with a hardly processable 
mega-dalton molar mass. The low Tg and the ability to cross-link the unsaturated chains has 
allowed for diene polymers to serve as a core material in human society, from tires to o-rings. 

In stark contrast, diamondoids are highly crystalline molecules possessing a bond geometry 
that may be superimposed on the diamond lattice, the smallest of which is adamantane. 
These highly crystalline solids have been isolated from petroleum reserves identifiable as 
multiple, fused adamantane units. Adamantane is a unique compound showing a surprisingly 
high melting point for a C10 compound, > 200 °C, though significant sublimation can be found 
even at room temperature. In comparison, the melting point of decane is -30 °C. 

This contrast strongly suggested utilizing adamantane as a pendant group on 1,3-butadiene 
to explore the resulting polymers, suspecting a variety of unique properties would emerge. To 
this end, 2-adamantyl-1,3-butadiene was synthesized and the homopolymer and copolymers 
were produced by emulsion and anionic polymerization. 

Copolymers with isoprene possess glass transition temperatures ranging from -63 to 172 °C, 
and give robust rubbery materials at intermediate co-monomer ratios. Further results of this 
research effort have included thermomechanical and rheological characterization, with the 
soluble fraction of the 40 wt% copolymer showing a striking resistance to viscous flow at 
temperatures up to 220°C. These results suggest that the adamantane cages are strongly 
affecting chain interactions, and it is hypothesized that the adamantyl cages are acting as 
“snags” that prevent chain slippage. 
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Multi-stimuli-responsive Coumarin-based polymeric nanoparticle with high photo-
switchable controlled release 

Shayesteh Tafazoli, shayesteh_tafazoli@student.uml.edu, James F. Reuther. University of 
Massachusetts Lowell, Lowell, Massachusetts, United States  

Stimuli-responsive polymeric nanoparticles with dynamic covalent bonds, exhibiting 
simultaneous multi-responsivity, open the door for the construction of a highly synchronized 
system in nanotechnology and biology-driven applications. Utilizing one-pot, photo-controlled 
atom transfer radical polymerization induced self-assembly (PhotoATR-PISA) mediated by 
UV light (λ = 365 nm) using parts per million (ppm) levels (ca. <20 ppm) of a copper catalyst 
and without any work-up between stages, varied polymeric nanostructures morphologies, 
from nanospheres to worm-like micelles were obtained at ambient temperature. A series of 
well-defined, core cross-linked polymeric nanoparticles were prepared from the solvophilic 
poly(oligo(ethylene oxide) methyl ether methacrylate) (POEGMA) stabilizer via one-pot chain 
extension with glycidyl methacrylate (GMA) as core-forming, hydrophobic block, and N, N-
cystamine bismethacrylamide (CBMA) and coumarin-methacrylate as cross-linking agents. 
The system demonstrated UV and redox stimuli-responsiveness via the coumarin [2+2] 
photocycloaddition/scission and DL-dithiothreitol (DTT) reduction of disulfide bonds, 
respectively. Fluorescence spectroscopy was utilized to verify the Nile red encapsulated NPs’ 
stimuli-responsiveness. It was displayed that each mentioned stimuli were able to trigger the 
Nile red release to some extent and show synergic effect for their simultaneous usage. In 
addition, the kinetics of release could be tailored by the pH of the surrounding medium. Thus, 
the system also showed pH-responsive controlled release behavior. These stimuli-responsive 
polymeric nanoparticles are being investigated for potential applications in biomedicines, 
targeted in vivo drug delivery, and water purification, to name a few. 

 

 
Polymeric Cross-linking and Decross-linking process  
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Hybrid silica-polymer electrolytes for lithium metal batteries 

Didier Gigmes1,2, didier.gigmes@univ-amu.fr. (1) Centre National de la Recherche 
Scientifique, Marseille, France (2) Aix-Marseille Universite, Marseille, France  

The development of alternative transportation modes such as electric or hybrid vehicles, has 
become a key need for a sustainable long term development. Among the different 
technologies, lithium-metal polymer batteries (LMPB) are the most attractive. Indeed, lithium-
metal as an anode shows a specific capacity of more than ten times that of the LiC6anodes 
which are currently used in the widespread lithium-ion battery. Unfortunately, the use of 
lithium metal associated with liquid electrolyte, is the source of safety problems due to a 
possible irregular metallic lithium electrodeposits during the recharge. In some cases, this 
phenomenon could result in dendrite formation responsible for dramatic explosion hazards. In 
order to avoid this issue, solid polymer electrolytes (SPE) were developed. However, the 
development of SPE has been hampered by two hurdles i/ the inability to design a SPE that 
exhibits both a high ionic conductivity and good mechanical properties and ii/ during battery 
operation, the motions of lithium ions carry only a small fraction of the overall ionic current 
which leads to the formation of strong concentration gradient resulting in undesired effects 
like favored dendritic growth and limited energy density especially when power increases. To 
overcome these drawbacks, in this communication we will present our latest results on the 
developement of SPE composites made from the dispersion of silica nanoparticles grafted 
with polyethylene oxide (PEO) chains in a PEO matrix. The synthesis of the PEO-grafted 
nanoparticles as well as an in-depth characterization of the SPE using techniques including 
SAXS, SANS, DSC, TGA, rheology but also electrochemical characterization will be 
discussed. 

 
Scheme 1. Synthesis of PEO-grafted silica nanoparticles 
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Degradation of acetal functionalized hydrogels from binary thiol-acrylate 
photopolymerization 

James R. Brown1, jrbrow52@asu.edu, Glenn A. Spiering2, Emily Wilts2, Robert B. Moore2, 
Timothy E. Long1. (1) 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  

Degradable polyethylene glycol (PEG) hydrogels provide platforms for drug delivery and 
tissue engineering. End group modification of poly(ethylene glycol) (Mn = 2,000 g/mol) yielded 
polyether precursors with pH-sensitive and photocurable end groups. UV-initiated binary 
thiol-acrylate crosslinking with varied amount of thiol-functionalized three-arm PEG 
(THIOCURE® ETTMP 1300) developed pH-degradable networksSmall angle X-ray scattering 
(SAXS) and dynamic mechanical analysis (DMA) confirmed that the stoichiometric offset of 
thiols and acrylates controlled crosslink density. Spectroscopic monitoring of a released dye 
established controlled degradation studies, which quantified the hydrogels’ degradation rate. 
Hydrogels displayed bulk degradation in acidic solution. Low crosslink density gels degraded 
fully in aqueous solutions of pH (3.4) within 72 h while the highly crosslinked gels fully 
degraded over 3 wks. All hydrogels displayed long term stability in phosphate buffered saline 
of pH (7.4) beyond 3 mo making them ideal hydrogels for selective degradation and release 
in low pH environments. 
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Synthesis of non-Isocyanate polyurethane foams from 1,1’-carbonyldiimidzaole 

Jose I. Sintas1,2, jsintas@asu.edu, Josh Wolfgang3, Timothy E. Long1,2. (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) Department of Chemistry, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia, United States  

The green chemistry revolution drives the interest for monomers with reduced toxicity and 
broader applications. As synthetic chemistries continue to develop, the desire to infuse 
sustainability into research catalyzes the development of new pathways for polymer 
synthesis. One such example is the utilization of carbonyldiimidazole (CDI) to drive the 
isocyanate-free synthesis of polyurethane foams and thermoplastics in a solvent-free, 
catalyst-free process. The versatile reactivity of CDI enables new families of bis-
carbonylimidazole (BCI) monomers, which readily react with amines to form linear and 
crosslinked polyurethanes. Aliphatic and aromatic diols react with CDI to form these BCI 
monomers at high yields. Reacting these BCI monomers with triamines in the melt results in 
foaming caused by the thermal degradation of the BCI monomer to produce CO2. Working 
times are readily tuned with either organic or organometallic catalysts to allow for sufficient 
mold filling and final part encapsulation. This new CDI chemistry presents the potential for 
new structure-property relationships for high performance applications and safer engineering 
platforms for manufacturing while simultaneously implementing green chemistry. The 
elimination of petroleum-derived solvent, while simultaneously increasing 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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Pushing the limits of coordinative-anionic polymerization -linking cyclic esters and 
Michael-type monomers for designing block copolymers with tunable properties 

Moritz Kraumlnzlein, moritz.kraenzlein@makro.ch.tum.de, Bernhard Rieger. Wacker-Chair 
for Makromolecular Chemistry, Technical University of Munich, Technische Universitat 
Munchen, Munchen, Bayern, DE, academic, Garching, Bavaria, Germany  

Group-transfer polymerization of Michael-type monomers (GTP) and ring-opening 
polymerization of lactones (ROP) are polymerization types benefiting from catalysis mediated 
by homogeneous metal complexes. Applying polymerization catalysts gives advantages like 
tunable molecular weight with low polydispersity, stereoregularity, block copolymerization or 
chain-end functionalization. With emphasis on GTP and ROP, some of the most applied 
polymerization complexes share the same metal (e.g. yttrium or zirconium) and use similar 
ligand motifs such as cyclopentadienyl derivatives or bisphenolates. Yet, only little is known 
about combining those polymerization techniques, possibly yielding GTP-b-ROP block 
copolymers. 

Beside the pioneering work from Yasuda et al., so far this research is limited to few examples 
combining methyl methacrylate and some lactones. However, transferring this principle to 
functional Michael-type monomers such as 2-vinylpyridine (2VP) or dimethyl acrylamide and 
different lactones such as (-)-menthide ((-)-M) or ε-caprolactone (CL) is highly challenging as 
catalyst structure, choice of monomer pairs and reaction conditions are crucial parameters for 
obtaining controlled block copolymers. 

By utilizing yttrium bisphenolates, combinations of 2VP as Michael-type monomer with CL or 
(-)-M as lactones to AB- and BAB-type copolymers could be generated, establishing a 
pathway towards precisely tunable GTP-b-ROP block copolymers. While the living-type 
propagation of the polymerization is maintained in both steps, kinetic investigation and chain 
end-capping revealed a catalytic copolymerization with two different mechanisms. Due to the 
differences in chemical nature of the two building blocks those new materials can form pH-
responsive micelles and undergo microphase-separation. These results act as detailed proof 
of principle of pioneering work by Yasuda et al. and further research focuses on finding novel 
combinations of monomers. 
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Tunable polymer-MOF hybrids from RAFT polymerization 

Matthew Pearson, pearsonm@mit.edu, Mircea Dinca, Jeremiah A. Johnson. Chemistry, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States  

The synthesis of metal-organic frameworks (MOFs) from multitopic ligands connected 
through a flexible polymer backbone has previously relied on polymer ligands with broad 
dispersities and poor control over molecular weight. Utilizing such polymers leads to 
integrated polymer-MOF hybrid materials with indeterminate composition, thereby precluding 
a fundamental understanding of the role of polymer composition, and limited scope. By using 
a reversible addition fragmentation chain transfer (RAFT) polymerization, we have developed 
low dispersity homopolymers and diblock copolymers bearing MOF-forming 
benzenedicarboxylic acid (H2bdc) linkers on the sidechains. Using these macromolecular 
ligands in combination with metal salts and free H2bdc allowed for the synthesis of crystalline 
polymer-MOF hybrids, which exhibited tunable stabilities and surfaces areas and represent 
the first example of an integrated polymer-MOF material from a chain-growth polymerization 
to exhibit permanent porosity. Furthermore, these results highlight the fundamental role that 
polymer dispersity plays in the formation of these integrated polymer-MOF hybrids. 
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Self-assembled nanoparticles from bis-palmitoylated and quaternized amphiphilic 
chitosan: promising materials for gene delivery 

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

We have developed a preparative procedure for obtaining a bis-palmitoylated and 
quaternized amphiphilic 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 and self-assembly of amphiphilic double stimuli-responsive PS-b-P2VP-b-
PNIPAM triblock terpolymers 

Hana Bouzit1,2, hana.bouzit@etu.umontpellier.fr, Mona Semsarilar1, Damien Quemener1, 
Karim Aissou1. (1) Institut Europeen des Membranes, Institut Europeen des Membranes, 
Montpellier, Languedoc-Roussillon, FR, academic/chem, Montpellier, France (2) Universite 
de Montpellier, Montpellier, Languedoc-Roussillon, France  

Fouling-resistant membranes endowed with intelligent isopores in high-areal density are 
highly-desired to move towards next-generation ultrafiltration membranes. Indeed, 
membranes tailored with smart nanochannels, able to adjust their size in response to an 
external stimulus such as temperature and pH, are appealing materials to efficiently prevent 
the common problem of fouling, considered as one of the biggest challenges in membrane 
technology. 

To move on this way, we have synthetized for the first time well-defined amphiphilic triblock 
terpolymers composed of pH- and temperature-double stimuli responsive polystyrene-block-
poly(2-vinylpyridine)-block-poly(N-isopropylacrylamide) (PS-b-P2VP-b-PNIPAM) chains via 
reversible addition-fragmentation chain transfer (RAFT) polymerization. 

By using our original process combining the non-solvent induced phase separation (NIPS) 
and solvent vapor annealing (SVA) techniques, we have produced asymmetric and isoporous 
PS-b-P2VP-b-PNIPAM membranes with well-ordered core-shell nanochannels, consisting of 
a thermo-responsive PNIPAM core embedded in a pH-responsive P2VP shell. Using optimal 
pH conditions, the thermo-responsive character of PS-b-P2VP-b-PNIPAM membranes was 
studied by measuring the permeability of the membrane as a function of temperature. 

 
Cross-sectional view of the envisaged multifunctional membrane having a core-shell cylindrical structure within the skin 
layer at different states: (left) closed state and (right) open state. Functionality 1: the (red) core cylindrical domains, in 
response to temperature variation, change their conformations, leading to modulation of permeability and selectivity of the 
smart membrane. Functionality 2: the (yellow) gold nanorings templated from the (green) P2VP shell domains are covered 
by chemisorbed (violet) hydrophilic brushes which act as a barrier against foulants.  
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Synthesis of fully renewable levoglucosenone-based photocrosslinkable and 
biodegradable polymers 

Sami Fadlallah, sami.fadlallah@agroparistech.fr, Louis M. Mouterde, Aihemaiti Kayishaer, 
Aurélien Peru, Yasmine Werghi, Quentin Carboué, Michel Lopez, Florent Allais. URD ABI, 
AgroParisTech, Pomacle, Grand Est, France  

Levoglucosenone (LGO) is a biomass-derived molecule that is prepared through the acid-
catalyzed pyrolysis of cellulosic waste on a multi-ton/year scale.1,2 Special considerations 
were recently given to the synthesis of renewable monomers and polymers from LGO, a 
versatile platform but also as a highly tunable molecule thanks to the presence of readily 
reactive functional moieties such as α,β-conjugated C=C.3 Herein, we introduce the one-pot 
two-step synthesis of a new citronellol-containing five-membered lactone (HBO-citro) from 
LGO. Two kinds of monomers having either three or two reactive hydoxy groups (Triol-citro 
and Lactol-citro) were then prepared from HBO-citro. The novel monomers were then 
engaged in solvent-free polycondensations involving diacyl chlorides or diethyl esters with 
different chain lengths. Branched citronellol-containing renewable polyesters with low Tg 
ranging from -20 to -42 °C were prepared. To assess the biodegradability of the obtained 
polymers a commercial lipase was used. An impact of the polymer structure as well as of the 
co-monomer chain length on the enzyme accessibility and degradation profile was observed. 
Indeed, a higher degradation profile was found for the polyesters prepared using co-
monomers having longer chain lengths, likely due to the decreased steric hindrance around 
the ester bonds which allowed enhanced accessibility of the enzyme. Other renewable 
polymers, such as hydroxy-functionalized polycarbonates, were also prepared from Triol-
citro. These functional LGO-derived polymers are not only fully biobased with a branched 
structure, but also bear citronellol side chains that were successfully crosslinked via 
ultraviolet irradiation to further control the polymer properties. 
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Mussel inspired adhesives, coatings and elastomers based on tannic acid and 
polyamines 

Emel Yilgor, Nurcan Parcal, Ipek Atay, Atakan Sarp Gungor, Iskender Yilgor, 
iyilgor@ku.edu.tr. Koc Universitesi Fen Fakultesi, Istanbul, Turkey  

Mussels attach to solid surfaces very strongly under wet or marine conditions, through their 
adhesive (foot) proteins, which are rich in 3,4-dihydroxy-l-phenylalanine (DOPA). Although 
the exact polymerization mechanism of DOPA is not well known, it is proposed that oxidation 
of the catechol to a quinone, followed by polymerization in a manner similar to melanin 
formation was the main route [1]. Inspired by the mussel adhesive proteins, various research 
groups utilized dopamine and prepared polymeric coatings and adhesives using aqueous 
solutions [2-5]. In this study we prepared a wide range of polymeric adhesives, coatings and 
elastomers using tannic acid (TA) and various polyamines (PA) instead of DOPA (Figure 1). 
TA, which is a polyphenol, is highly reactive towards amines. Effect of PA structure, TA/PA 
ratio and curing conditions on the properties of the materials obtained were investigated. 
Depending on the TA/PA composition it was possible to get extremely rigid to highly 
elastomeric materials. Films obtained were characterized by ATR-IR spectroscopy, DSC, 
SEM, AFM, tensile tests and advancing and receding water contact angle measurements. 

 
Figure 1. Description of the reaction between tannic acid and polyamines to produce polymeric 
materials with different properties 
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Sustainable polymers via transition metal-catalyzed carbonylative polymerization 

Yiwei Dai, yd28@uakron.edu, Li Jia. Department of Polymer Science, University of Akron 
College of Polymer Science and Polymer Engineering, Akron, Ohio, United States  

Transition metal-catalyzed carbonylative polymerization (COPs) takes advantages of low-
cost, low-carbon-footprint monomers to produce a variety of degradable polymers with high 
atomic efficiency. We have developed a zwitterionic principle of designing catalyst for the 
COP of cyclic ethers (eq 1). The same-type Ni(II) catalysts can be an interesting platform for 
generating copolymer of CO and ethylene as well. This presentation will discuss the 
carbonylative copolymerization of ethylene and cyclic ethers (eq 2) catalyzed by the 
zwitterionic Ni(II) catalysts, the mechanism of the polymerization, and the materials properties 
of the poly(ketone-co-ester-co-ether) products. 
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Templating entanglements in polymer networks 

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

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, 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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Tackling the immunogenicity response of electrically conductive scaffolds through 
optimization of their biodegradation behavior 

Mohd muzamir Mahat1, mmuzamir@uitm.edu.my, Dania Adila Ahmad Ruzaidi1, Awis 
Sukarni Mohmad Sabere2. (1) Faculty of Applied Sciences, Universiti Teknologi MARA, Shah 
Alam, Selangor, Malaysia (2) Kuliyyah of Pharmacy, International Islamic University Malaysia 
- Kuantan Campus, Kuantan, Pahang, Malaysia  

The development of superior scaffold materials for tissue engineering applications by utilising 
the electroactivity properties of conductive polymers was previously proven to support cell 
attachment and proliferation. This phenomenon happens via an electrical conduction 
mechanism that enables cellular signalling and function in tissues to replicate normal 
electrophysiology. However, the poor biodegradability of conductive scaffolds significantly 
barred the realisation of their true potential. Moreover, the presence of toxic residues at a 
molecular level and scaffolds’ biodegradation rate from the degradation process can agitate 
the immunogenicity response, hence causing complications for one’s health. There remains a 
challenge to obtain scaffolds with integrated high performance and stability. In the present 
work, electrically conductive, porous hydrogel scaffolds at different vol. % of PEDOT: PSS 
addition (0, 0.5, 1.0, 1.5, 2.0 vol.%) were fabricated by using a reversed casting method. 
SEM, attenuated total reflectance–Fourier transform infrared spectroscopy (ATR-FTIR), Xray 
Diffraction (XRD), and electrochemical impedance spectroscopy (EIS) were used to 
characterise the porous hydrogels. The in vitro biodegradation test was conducted to reveal 
the porous hydrogel’s swelling behaviour, together with its chemical and electrical stability 
performances against the experienced biodegradation behaviour. Considering easy 
preparation and critical discussions on the biodegradability properties, our findings warrant 
further investigations in terms of the scaffolds’ immunogenicity to provide a well rounded 
approach for the development of electrically conductive biomaterials. 
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Glutathione senstive vesicle crosslinked hydrogel 

Emily Mobley, Esther Need, Adam Langevin, Sandra Ward, sward07@calpoly.edu. 
Chemistry & Biochemistry, California Polytechnic State University, San Luis Obispo, 
California, United States  

Treatment of a disease is effective when a drug can reach the correct location in the body 
and at the ideal rate. Instead of investigating new drugs, drug delivery systems are developed 
in an effort to decrease side effects and improve the drug efficacy. 

Drugs can be encapsulated in nanocarriers such as micelles, vesicles, or hydrogels. The 
nanocarrier protects the therapeutic agent and releases the drug once the drug reaches its 
needed destination. Smart materials are developed to respond to changes in the environment 
such as pH, temperature, presence of small molecules, or redox conditions. 

Here, we present our progress towards developing a hybrid drug delivery system that 
combines a vesicle nanocarrier into a hydrogel. Due to our interest in self-assembly and 
supramolecular chemistry we have developed a supramolecular amphiphile that is capable of 
self-assembly into a vesicle nanocarrier. We have demonstrated triggered degradation and 
release of a fluorescent dye as a model drug in the presence of the naturally abundant 
antioxidant glutathione. The vesicles have been crosslinked into hydrogel via a thiol-disulfide 
exchange on the vesicle surfaces and shows promise as a dual triggered drug delivery 
system. 

 

 
  



~ 207 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Sporopollenin-inspired design of crosslinked polymers: Structural validation, 
mechanical analysis, and tools for biosynthetic pathway elucidation 

Christopher M. Glinkerman1, cmglink@icloud.com, Shaoting Lin2, Jiahua Ni2, Fu-Shuang 
Li1, Xuanhe Zhao2, Jing-Ke Weng1,3. (1) Whitehead Institute for Biomedical Research, 
Cambridge, Massachusetts, United States (2) Department of Mechanical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (3) 
Department of Biology, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States  

Although examined for >200 years, sporopollenin, the mechanically and chemically resilient 
biopolymer comprising the protective exine of plant spores and pollens, has yet to find 
widespread application due to its poorly defined structure and incompletely elucidated 
biosynthesis. Herein, we disclose the preparation and structural characterization of synthetic 
sporopollenin analogues and the chemical, thermal, and mechanical properties thereof. 
Comparison of natural and synthetic sporopollenins by 13C MAS ssNMR and ATR-FTIR 
spectroscopy, chemical degradation, and LC-HRMS confirms large portions of prior structural 
hypotheses for P. rigida sporopollenin while TGA, DSC, and compression testing revealed an 
amorphous supramolecular structure with Young’s moduli of 97 ± 8 MPa to 230 ± 36 MPa, 
hysteresis ratios averaging 0.53 ± 0.15, and hardnesses averaging 71 ± 5 Shore D. The 
foundational principles disclosed will inform design principles and commercial applications of 
robust sporopollenin-inspired polymers and facilitate sporopollenin biosynthesis elucidation 
enabling development of sporopollenin overproducing organisms for carbon sequestration. 
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Plug-and-play heterogeneous catalysis enabled by metal–organic cage-crosslinked 
polymers 

Christopher M. Brown1, chrisbr@mit.edu, David J. Lundberg1,2, Jessica R. Lamb1, Denise 
Kleinschmidt1, Yasmeen S. Alfaraj1, Maria Francesca Ottaviani3, Nathan Oldenhuis1,4, 
Jeremiah A. Johnson1,5. (1) Department of Chemistry, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States (2) Department of Chemical Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (3) 
Department of Pure and Applied Sceinces, Universita degli Studi di Urbino Carlo Bo, Urbino, 
Marche, Italy (4) Department of Chemistry, University of New Hampshire, Durham, New 
Hampshire, United States (5) Massachusetts Institute of Technology Koch Institute for 
Integrative Cancer Research, Cambridge, Massachusetts, United States  

The immobilization of homogeneous catalysts onto solid supports to improve recyclability 
while maintaining catalytic efficiency is often a trial-and-error process limited by poor control 
of the local catalyst environment and a lack of modular strategies to append catalysts to 
support materials. Here, we introduce a “plug-and-play” heterogenous catalysis platform that 
overcomes these challenges. Our approach leverages the well-defined interiors of self-
assembled Pd12L24 metal–organic cages/polyhedra (MOCs): through a simple combination of 
catalyst-ligands, polymeric ligands, and spacer ligands, we demonstrate facile self-assembly 
of a diverse range of polymer gels featuring endohedrally-catalyst-functionalized junctions. By 
decoupling catalyst incorporation and environment from the physical properties of the support 
(polymer matrix), this simple strategy is shown to enhance the recyclability of various catalyst 
systems and enable catalysis in environments where homogeneous catalyst analogs are not 
viable. 

 

 
The polyMOC catalyst containing network (polyCAT) uses templated assembly of metal organic cages 
(MOCs) to form largely identical networks regardless of catalyst identity. Additionally, the identity of 
the polymer network can be changed without needing to covalently modify the catalyst ligand. 
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New materials and reactions for the thermally controlled delivery of nitric oxide 

James R. Bour, hf0697@wayne.edu, Shuxiao LI. Department of Chemistry, Wayne State 
University, Detroit, Michigan, United States  

Inhaled nitric oxide (iNO) is a promising therapy for the treatment of a wide variety of 
diseases. Owing to its high toxicity, reactivity, purification costs, and large footprint, iNO is 
currently only administered as a dilute gas in large metropolitan hospitals .There is an urgent 
need for lower cost, more portable, and controllable sources of iNO. Thermally controlled 
release of NO from solid state sources represents a potentially lower cost and safer 
alternative to conventional gas tanks. However, few NO-releasing motifs are suitable for high 
temperature delivery of pure NO gas. This presentation describes the design, synthesis, and 
performance of nitric oxide-releasing polymers for high temperature (> 75 °C) nitric oxide 
release. The development of new organic reactions for NO release at high temperature is 
described. The purity and release profiles of NO generated from these new NO-genic motifs 
in polymers is then benchmarked against approaches. Finally, considerations for 
incorporation of these motifs into functional materials is presented. 
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Ultrahigh drug-loaded micelles inhibit bone destruction and reduce tumor burden in 
bone metastasis 

Richard d'Arcy1, richard.darcy@hotmail.co.uk, Alyssa Merkel2, Marcus Bernard1, Patrick 
Gerber1, Julie Rhoades2, Craig Duvall1. (1) Biomedical Engineering, Vanderbilt University, 
Nashville, Tennessee, United States (2) Vanderbilt University Medical Center, Nashville, 
Tennessee, United States  

'Ultrahigh' drug-loaded micelles (e.g. micelles with a loading capacity of over 35 wt.% in drug) 
demonstrate higher maximum tolerated doses and improved therapeutic outcomes. In order 
to achieve such drug-loading, appropriate interaction between polymer and drug must be 
present. We have thus carefully tailored drug-micelle interactions by systemattically 
modulating the weight ratio of hydrogen-bond donor to π-π interacting moities, hydroxyl and 
benzyl groups respectively. In doing so, we are able to achieve ultrahigh-drug-loading for a 
wide range of drugs, including peptides, and establish important structure-function 
relationships. The system developed was derived by the anionic ring-opening polymerization 
of thiirane monomers; importantly, this provided a reactive oxygen specie (ROS)-triggered 
drug release mechanism via the oxidation-responsive polysulfide backbone. Using a 
formulation with a 80:20 wt.% ratio of benzyl:OH, paclitaxel is loaded at ~40 wt.% (loading 
capacity) and has the highest reported maximum tolerated dose of 150 mg/kg in (BALB/c) 
mice, significantly higher than clinically approved nanopaclitaxel formulations (Taxol = 20, 
Abraxane = 90). Further, in an aggresive bone metastasis model, 5/8 mice intratibually 
inoculated with 4T1 cancer cells had complete eradication of tumor when treated with this 
formulation at 150 mg/kg paclitaxel. 
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Characterization of model polyolefin co-polymers to understand dilute solution 
characteristics of industrially relevant thermoplastic elastomers 

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

While several polymerization catalysts, commercial reactor designs, and processing 
advances have enabled the synthesis of polyolefin thermoplastic elastomers (TPEs), a great 
deal of characterization of these complex resins rely on empirical approaches based in 
multidimensional and gradient-based chromatographic separations. However, as the 
composition of these TPEs become more asymmetrical and material heterogeneity 
increases, co-elution can be a large issue in analytical separations, leaving the “true” material 
composition unknown. Understanding how the distribution of hard, crystalline and soft, 
amorphous blocks in a polyolefin copolymer affect chain conformation in dilute solution can 
inform strategies to improve separations and improve characterization of these complex 
hydrocarbon resins. This talk will highlight progress in synthesis and characterization of 
asymmetric polyolefin block copolymers via ring-opening metathesis polymerization (ROMP) 
of 1-alkyl-trans-cyclooctenes with successive hydrogenation. Dilute solution characterization 
of the resultant polymers by high temperature size-exclusion chromatography were 
conducted to quantify branch length, branch frequency, intrinsic viscosity and radius of 
gyration across the molar mass distribution. The systematically varied distribution of chain 
topology and chemical composition in these polyolefins will elucidate trends in structure-
property relationships and determine if sequence control can minimize local polydispersity, 
with the aim of generating improved separations methods for TPEs and prototypes for next-
generation polyolefin standards. 
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In Situ Activation: Chances and limitations to form ultrahigh molecular weight 
syndiotactic polypropylene 

Lucas Stieglitz, lucas.stieglitz@tum.de, Bernhard Rieger. Chemistry, Technische Universitat 
Munchen, Munchen, Bayern, Germany  

The shift of the polymers’ molecular weight to the ultrahigh molecular weight regime is linked 
with outstanding properties, such as enhanced mechanical and thermal characteristics. So 
far, we isolated ultrahigh molecular weight isotactic polypropylene (UHMW-iPP) with a 
molecular weight of 5800 kg/mol, a perfect isotacticity and the highest melting transition ex 
reactor of 171 °C. With the expected outperformance of iPP by syndiotactic PP (sPP) in 
processing and application of these polymers, we investigated the isolation of UHMW-sPP 
with highly active Cs-symmetric Hafnocenes. 

However, the activation of these Hafnocene dichlorides with the commonly used 
methylaluminoxane (MAO) proved problematic, often accompanied by a a reduced activity 
and a lower molecular weight of the polymers. Therefore, we adapted for sPP the in situ 
activation using TIBA (triisobutylaluminum) and tritylborate (TrBCF) forming the catalytic 
active cationic species. The stereoregularity, productivity and molecular weight of various C 
and Si bridged Cs-symmetric ansa-Hafnocenes was compared for the in situ and the 
commonly used MAO activation. 

All four Hafnocenes produced UHMW-sPP with up to 2500 kg/mol and a high syndiotacticity 
(up to 73%) using TIBA/TrBCF. The different bridging motifs of the Hafnocenes (C and Si) 
and the thereby induced change in geometry clarified the big impact of the ligand structure 
onto the performance of the catalyst. Si bridged Hafnocenes resulted in a loss of activity (4-
fold to 20-fold, respectively) and stereoregularity, whereas the molecular weight was 
enhanced. Contrary to the in situ activation, MAO led to a by far lower productivity and 
molecular weight (max. 530 kg/mol), whereas the degree of syndiotacticity was slightly 
increased (up to 80%). With this series of polymerizations, we highlighted the outstanding 
benefits of the in situ activation in terms of productivity and molecular weight compared to 
MAO but also disclosed possible limitations of this activation method. 
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Enantiopure ωsubstituted hydroxyalkanoates from simple epoxides and alkenes as 
building blocks for sequence-defined poly(hydroxyalkanoates)s 

DoGyun Kim, tylerkdg@gmail.com, Jeong Min Lee, Kyoung Taek Kim. Chemistry, Seoul 
National University, Gwanak-gu, Seoul, Korea (the Republic of)  

We describe herein the syntheses of discrete Poly(Hydroxyalkanoate)s (PHAs), which have 
completely defined stereochemical structure and unit sequence are described. From arbitrary 
olefin molecules, chiral hydroxyalkanoate monomers were obtained in 7 steps. Through the 
selection of the olefin molecule, the side chain and length of the backbone of PHA can be 
varied. 

Especially, “HA 6”, from 5-Bromo-1-pentene , can act as a versatile handle. Primary alkyl 
halides can be converted into a wide variety of functional groups such as olefins, azides, and 
tertiary amines. Molecularly defined PHAs were synthesized by the iterative exponential 
convergence of orthogonally protected hydroxyalkanoates. Characterization of PHAs’ 
molecular structure was performed using mass spectroscopy, size exclusion chromatography 
(SEC), and NMR spectroscopy. 
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Investigating the stress–strain behavior in ring-opening metathesis polymerization-
based brush elastomers 

Kyle B. Cushman, cushmank@live.unc.edu, Wei You, Sergey Sheyko. Chemistry, University 
of North Carolina at Chapel Hill College of Arts and Sciences, Chapel Hill, North Carolina, 
United States  

Polymeric brush elastomers are an emerging class of synthetic materials that display unique 
nonlinear elastic character where the materials stiffen with deformation. The mechanical 
properties of these elastomers are best characterized by tensile stress−strain measurements 
to determine their softness (Young’s modulus, E0) and firmness (β). The unique super-
softness of brush-like elastomers is enabled by polymeric side chains densely grafted to the 
backbone, which dilute the network strands and hinder chain entanglements. By contrast, 
linear polymer-based elastomer networks fail to achieve comparable softness due to the 
inherent entanglement of network strands. Similar to linear polymer-based elastomers, the 
mechanical properties of brush elastomers can be tuned by varying the cross-link density 
(∼nx−1). However, side chains offer additional mechanical tunability by altering the degree of 
polymerization of the side chains (nsc) and the grafting density (∼ng−1). The ratio between nsc 
and ng dictates the transition between the bottlebrush and comb regimes. The effects of every 
architectural parameter (nsc, ng, and nx) on the stress−strain behavior of polymeric brush 
elastomers have been extensively studied for methacrylate backbone-based networks, but 
limited studies feature other classes of backbones. According to computational studies done 
by Dobrynin et al., mechanical properties of graft copolymers with chemically different 
backbone and side chains may change with stiffer backbones, but the effects of the 
backbone on brush networks have not been thoroughly examined. Here, we show that brush 
elastomers made by ring-opening metathesis polymerization (ROMP) of 
norborneneterminated poly(dimethylsiloxane) macromonomers are less extensible than brush 
elastomers with the methacrylate backbone yet not as extensible (λmax) as predicted by the 
strain-stiffening parameter (β) derived from fitting the experimental stress−strain curves. The 
softness and firmness of the norbornenebased networks decrease with decreasing cross-link 
density as expected, but the λmax significantly drops when the grafting density becomes low 
enough, which has not been previously observed in this class of materials. 
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Unlocking polymers: Combining advanced polymer chromatography with advanced 
multi-detection for complete high-resolution polymer characterization 

Ragy Ragheb1, ragy.ragheb@malvernpanalytical.com, Bryan C. Katzenmeyer2, Ben 
MacCreath2, John Stenson1. (1) Malvern Panalytical Inc, Westborough, Massachusetts, 
United States (2) Waters Corp, Milford, Massachusetts, United States  

In recent years, new developments in Size Exclusion Chromatography (SEC) have resulted 
in the introduction of Ultra High-Performance Liquid Chromatography (UHPLC or UPLC®) for 
polymer applications. Waters ACQUITY Advanced Polymer Chromatography (APC™) is a 
breakthrough technology that provides SEC analyses of polymeric materials with higher-
resolution and higher-speed than conventional SEC. The new APC technology involves the 
use of high efficiency separation columns and a low dispersion flow path, resulting in: High 
resolution analysis, Reduced time, Reduced solvent consumption, Reduced sample 
concentration, Quick mobile phase changeover. 

The APC system generates extremely precise, reproducible molecular weight information 
through conventional calibration. To obtain comprehensive knowledge of the polymers under 
analysis, it is necessary to combine the high-resolution APC system with additional advanced 
detectors. The combination of the Waters APC system with the Malvern Panalytical 
OMNISEC REVEAL, containing refractive index (RI), UV-Vis photodiode array (UV), light 
scattering (LS), and differential viscometry detectors, greatly broadens the information 
attainable from a SEC analysis. Using OMNISEC REVEAL the sample under analysis can 
now be fully characterized in terms of: Absolute molecular weight: without the need for 
column calibration Molecular weight distribution Size: hydrodynamic radius across the 
sample’s entire molecular weight range Structure: Mark-Houwink parameters Composition 

This presentation will discuss the benefits of characterizing polymers by a Waters ACQUITY 
APC combined with the Malvern Panalytical OMNISEC REVEAL multi-detector system. 
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Functionalized PDMS-based copolymers for pH controlled marine anti-biofouling 
coatings 

Alexandra D. Handlin1, adh93@cornell.edu, Riddhiman Medhi2, Christopher K. Ober2. (1) 
Chemistry and Chemical Biology, Cornell University College of Arts and Sciences, Ithaca, 
New York, United States (2) Materials Science and Engineering, Cornell University College of 
Engineering, Ithaca, New York, United States  

Anti-biofouling coatings are being developed to reduce the negative impacts of fouling on 
marine vessels such as increased drag and fuel consumption, surface degradation, and 
maintenance costs. It is essential that these coatings be non-toxic to minimize harm to 
aquatic life while limiting fouling impact on marine surfaces. Polydimethylsiloxane (PDMS)-
based polymers have been effective for anti-biofouling because of their low modulus and 
surface tension but are hydrophobic and therefore must be functionalized with hydrophilic 
attachments or active fouling disruptors. Hard foulers such as mussels use acidic secretions 
to condition surfaces to low pH environments often found in biofilms before depositing 
adhesives. Using an organic buffer, such as 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid (HEPES) which buffers from pH 6.8 to 8.2, could maintain the pH of seawater on the 
surface thereby preventing the acidification and subsequent attachment of hard foulers. For 
that reason, this work explores the use of HEPES-functionalized PDMS-based copolymers 
for the fabrication of pH-controlled coatings. The surface properties of these coatings were 
tested through contact angle measurements, X-ray photoelectron spectroscopy (XPS), and 
atomic force microscopy (AFM). These coatings incorporating active organic buffers may find 
wide use in antifouling and other pH-sensitive applications. 
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Imprinted gel of colorimetric Azo-Quinoline probe for detection of Co2+ ions in 
aqueous media 

Hyung-il Lee, JiWon Suk, sssup98@gmail.com, SoYoung Park, WooHyeon Nam. University 
of Ulsan, Ulsan, Korea (the Republic of)  

Efficient and selective detection of Co2+ 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, efficient 
detection of Co2+ ions in chemical and biosensor fields is crucial. 

For the selective colorimetric detection of Co2+ 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 ethylene glycol 
dimethyl acrylate (n=9) 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 Co2+ 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 
Co2+ ions are added to the imprinted gel, the color of the solution changed from orange to red 
due to the formation of a Co2+/(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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Ene reaction as a route to develop functional polybutadiene elastomers 

Sayan Basak, sb382@uakron.edu, Juan Marin Angel, Trishna K Chengappa, Kevin A. 
Cavicchi. School of Polymer Science and Polymer Engineering, University of Akron, Akron, 
Ohio, United States  

The ene reaction is a versatile synthesis route in organic chemistry with the potential to for 
the post-polymerization modification of unsaturated polymers, such as polydienes. This work 
highlights the ene grafting of octadecyl acrylate (ODA) and tert-butyl acrylate (TBA) to 
polybutadiene (PB). In the first case, ODA was grafted in the melt at high temperature 
(175oC) producing a side-chain crystalline elastomer. Under these reaction conditions, 
polybutadiene also undergoes intermolecular crosslinking. The presence of the crosslinked 
network and side-chain crystalline network produces shape memory effect with high shape 
fixity and recovery using temperature as the shape memory stimulus. In the second case, 
dilute solution conditions were used to avoid the intermolecular crosslinking of PB. PB and 
TBA were used to produce a TBA grafted elastomer, which, when hydrolyzed, results in 
carboxylic acid-functionalized polybutadiene. The physical properties of amphiphilic polymers 
are discussed. 
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Heterotelechelic RAFT polymers for simultaneous, orthogonal bioconjugations 

Anthony Berardi1,2, aberardi@umich.edu, Yeongun Ko3,2, Joerg Lahann3,2. (1) 
Macromolecular Science and Engineering Program, University of Michigan, Ann Arbor, 
Michigan, United States (2) Biointerfaces Institute, University of Michigan, Ann Arbor, 
Michigan, United States (3) Department of Chemical Engineering, University of Michigan, 
Ann Arbor, Michigan, United States  

In this work, we report the synthesis of an α-diethoxyphosphoryldithio, ω-alkynyl 
heterobifunctional chain transfer agent (CTA) that can engage in the reversible addition-
fragmentation chain-transfer (RAFT) polymerization of (meth)acrylic monomers and 
subsequently engage in orthogonal Hetero–Diels-Alder (HDA) and copper-catalyzed azide-
alkyne cycloadditions (CuAAC) at the resulting linear polymer end groups. A broad scope of 
monomers were polymerized with our CTA and the corresponding kinetics of RAFT 
polymerization were characterized. Efficient, orthogonal polymer end group transformations 
and kinetics were confirmed via polymer-dye and polymer-polymer conjugations. Finally, we 
employed the heterobifunctional CTA in the RAFT synthesis of amphiphilic triblock 
copolymers, fabricated micellular nanoparticles via self-assembly in aqueous buffer, and 
demonstrated stoichiometric control over nanoparticle surface chemistry via component 
polymer end groups. To our knowledge, this RAFT system is the first to report direct access 
to heterotelechelic, linear polymers capable of highly efficient, regioselective end group 
transformations immediately following polymerization without the need for post-
polymerization end group modification/installation. 
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Semi-automated synthesis of sequence-defined polymers for information storage and 
macromolecular engineering 

Jeong Min Lee, wjdalsm@snu.ac.kr, Kyoung Taek Kim. Chemistry, Seoul National 
University, Gwanak-gu, Seoul, Korea (the Republic of)  

Accelerated and parallel synthesis of sequence-defined polymers is an utmost challenge for 
realizing ultra-high-density storage of digital information in molecular media. Here we report 
step-economical synthesis of sequence-defined poly(L-lactic-co-glycolic acid)s (PLGAs) 
using continuous flow chemistry. A reactor performed the programmed coupling of the two-bit 
storing building blocks to generate a library of their permutations in a single continuous flow, 
followed by their sequential convergences to a sequence-defined PLGA storing 64 bits in four 
successive flows. We demonstrate that a bitmap image (896 bits) can be encoded and 
decoded in 14 PLGAs using only a fraction of the time required for an equivalent synthesis by 
conventional batch processes. Accelerated synthesis of sequence-defined polymers could 
also contribute to macromolecular engineering with precision comparable to natural 
precedents. 

 

 
Process to encode a bitmap image in a multiple of sequence-defined PLGAs. Original image is 
converted to bitmap image and bitmap image is converted to binary code. Binary information is 
divided into several polymer chains with 64 repeating units by continuous flow synthesis. Sequence-
defined PLGA is composed of 8 bits of address and 56 bits of fragmented data. Synthesized fourteen 
sequence-defined PLGAs are represented by bar code. Red and blue rectangle represent glycolic acid 
and lactic acid unit. 
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Redox-active amphiphilic copolymers for anti-fouling coatings 

Riddhiman Medhi1, riddhi.m.108@gmail.com, Alicia Cintora1, Nila Narayan1, Elisa Matinelli2, 
John Finlay3, Anthony Clare3, Giancarlo Galli2, Christopher K. Ober1. (1) Cornell University, 
Ithaca, New York, United States (2) Universita di Pisa Biblioteche Polo 1, Pisa, Toscana, Italy 
(3) Newcastle University, Newcastle upon Tyne, Tyne and Wear, United Kingdom  

Many hard foulers, such as barnacles, utilize oxidative processes to prime surfaces before 
depositing adhesives. Redox-active groups like nitroxides have been effective in interrupting 
these oxidative processes and reducing hard-fouler settlement. In this study, a set of films 
was produced utilizing amphiphilic block copolymers dispersed in a cross-linked 
poly(dimethylsiloxane) (PDMS) network. These block copolymers contained 
polymethacrylates of (2,2,6,6-tetramethylpiperidin-1-yl)oxyl (TEMPO), poly(ethylene glycol) 
(PEG), and PDMS in selected ratios and molecular weights. A complimentary set also 
included a fluoroalkyl end block, and another set with the amine precursor of TEMPO 
predicted to serve as a two-step redox disruptor. These blended PDMS coatings were 
analyzed for surface composition, morphology, as well as anti-fouling and fouling-release 
behavior against soft and hard foulers. A complete summary of the surface properties and 
fouling resistance will be described. 
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Mechanistic studies on externally initiated suzuki-miyaura catalyst transfer 
polymerization 

Mitchell T. Howell, mhowell908@gmail.com, Peter Kei, Evgueni E. Nesterov. Chemistry and 
Biochemistry, Northern Illinois University, DeKalb, Illinois, United States  

Conjugated polymers (CPs) provide a pathway to designer materials with tunable 
spectroscopic, electronic, and/or magnetic properties. Molecular weight, polydispersity, and 
precise incorporation of structural elements in the conjugated backbone are among the 
important parameters that affect polymers’ physical properties. Pd-catalyzed Suzuki-Miyaura 
catalyst transfer polymerization (SCTP), a controlled chain-growth polymerization process, 
has shown promise in production of narrowly dispersed CPs with tunable structure and 
precise molecular weights. This presentation describes mechanism-based rational 
development of SCTP as a general method for the controlled preparation of CPs, and the 
importance of mechanistic understanding of this process for improving the effectiveness and 
controlled nature of the polymerization. 
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Electronic double dipping: Enhancing the quinoidal character of donor-acceptor 
frameworks via Indophenine-based acceptors 

Wyatt Wilcox1, wyatt.wilcox@ndsu.edu, Ted M. Pappenfus2, Sarah M. Severson2, Evan W. 
Culver1, Seth C. Rasmussen1. (1) Chemistry and Biochemistry, North Dakota State 
University, Fargo, North Dakota, United States (2) Chemistry, University of Minnesota Morris, 
Morris, Minnesota, United States  

Indophenine, known since the late 1800’s, is an intensely colored blue dye consisting of a 
highly conjugated backbone. Applications of indophenines in organic materials have been 
limited, however, due to its low solubility and the difficulty in preparing isomerically pure 
species. As a solution, replacement of thiophene with alkylated 3,4-propylenedioxythiophene 
(ProDOT) in the synthesis allows for the inclusion of solubilizing side chains and the 
production of a single isomeric product. Such ProDOT-based indophenines have been shown 
to possess deep HOMO levels, low-lying LUMO levels, and band gaps of 1.4-1.5 eV. As 
such, ProDOT-based indophenines offer the promise of useful quinoidal acceptors for 
incorporation into copolymeric materials. The synthesis of such copolymers via direct 
arylation polymerization (DArP) will be presented, in which the ProDOT-based indophenine is 
paired with both traditional donors (i.e. thiophene, ProDOT), as well as the ambipolar unit 
thieno[3,4-b]pyrazine. Such a polymeric design allows both an increase in quinoidal character 
and the formation of a complimentary donor-acceptor framework, resulting in a lowering of 
the polymer band gap to give values of ca. 1.2 eV. Synthesis of the ProDOT-based 
indophenine, polymerization conditions, and characterization of the resulting copolymeric 
materials will be presented. 
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Coplanar and rigid phenyl carbamoylated guanidine group enhances intracellular 
noncovalent protein delivery 

alfonso barrios, abarr159@fiu.edu, Marilen Estrada, Joong Ho Moon. Florida International 
University College of Arts Sciences & Education, Miami, Florida, United States  

The efficient intracellular delivery of macromolecular drugs such as proteins poses significant 
challenges due to their large size and vulnerability to degradation. There has been extensive 
efforts to develop nanomaterials that can facilitate the intracellular delivery of functional 
proteins, however, current methods often suffer from low serum tolerance, poor escape from 
degradative lysosomes, and insufficient delivery of large-size proteins. Here, we report a 
polymer bearing a novel functional group, phenyl carbamoylated guanidine (Ph-CG), that 
greatly enhances the delivery efficiency to various types of cells. Due to the substantially 
lowered pKa, the neutral and hydrophobic Ph-CG offers optimized inter-macromolecular 
interactions via enhanced hydrogen bonding and hydrophobic interactions. The planarity of 
the Ph-CG also leads to better intracellular entry of protein complexes. The gradual isolation 
of the phenyl ring from the carbamoylated guanidine moiety resulted in significant decrease 
of protein delivery, demonstrating the importance of the rigid connection among the functional 
group. Intracellularly delivered apoptosis-inducing proteins significantly induce cell viability 
inhibitions in a serum containing medium, even as compared to commercially available 
transfection reagents. The newly developed Ph-CG can be introduced to various existing 
carriers, tackling the issues associated with protein delivery. 
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Orthogonal photo-acid and photo-radical crosslinking as a pathway to high Tg porous 
materials 

James R. Brown, jrbrow52@asu.edu, Boer Liu, Jose I. Sintas, Timothy E. Long. School of 
Molecular Sciences, Arizona State University, Tempe, Arizona, United States  

Degradable scaffolds allow for the facile and selective removal of one phase within and 
interpenetrating network. Photo-acid generators Catalyzed the cationic formation of acetal 
networks from multifunctional hydroxyl and vinyl ether monomers. Concurrently, photo-radical 
initiation established an interpenetrating high Tg network. Extensive photo-rheological testing 
informed optimal formulations for rapid network development. Photo-rheolgoy, photo-DSC, 
and photo-FTIR explored the kinetics of the sacrificial network formation. Degradation in 
mildly acidic water removed the acetal network and yielded a porous material upon full 
removal of the scaffold. 1H NMR characterized the products of network degradation to assess 
viability for monomer recycling. Compression testing probed the mechanical properties of the 
networks before and after acidic degradation. Scanning electron microscopy provided 
morphological insight into the porous materials obtained after degradation. 

 
  



~ 226 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Isocyanate-free polyureas from urea monomer: Synthesis and depolymerization 

Jose I. Sintas2, jsintas@asu.edu, Tyler White1, Josh Wolfgang1, Timothy E. Long2. (1) 
Department of Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia, United States (2) School of Molecular Sciences, Arizona State University, Tempe, 
Arizona, United States  

Global recognition of the continued health and safety concerns surrounding isocyanates drive 
investigations into alternative synthetic routes for polyurethanes and polyureas. Polyureas in 
particular display potential for environmentally friendly synthetic pathways utilizing biosourced 
monomers. Recently, the development of a catalyst- and solvent-free melt polycondensation 
reaction of urea with various diamines achieved linear, isocyanate-free polyureas. These 
polyureas display tunable melting temperatures and mechanical performance based on 
monomer selection. Poly(tetramethylene oxide) based segmented polyurea elastomers 
synthesized using the same melt polycondensation displayed phase separated behaviors 
seen in dynamic mechanical analysis and differential scanning calorimetry. Tensile analysis 
revealed good strain at break for all polymers. An additional benefit of these polyureas is their 
propensity to decompose in soil when exposed to naturally occurring urease enzymes. This 
degradation occurs on the order of 4 weeks, releasing ammonia – a nitrogen source with 
agricultural impacts. 
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Analysis of polyamide barrier layers in reverse osmosis membranes using pair 
distribution function 

Nisha Verma1, nisha.verma@stonybrook.edu, Benjamin S. Hsiao1, Milinda Abeykoon2, 
Benjamin Ocko2. (1) Chemistry, Stony Brook University, Stony Brook, New York, United 
States (2) Brookhaven National Laboratory, Upton, New York, United States  

Reverse osmosis (RO) is currently the most widely used energy–efficient desalination 
technology. Despite the success of desalination technology in providing a large volume of 
fresh water with nearly 100% salt rejection, a comprehensive nanoscale structure–function 
relationship for the most critical barrier layer in RO membranes is still not well established. In 
this study, we have investigated the crosslinked topology and density distribution of 
polyamide (PA) barrier layers of an RO membrane, using the pair distribution function (PDF) 
analysis, and their relationship to high pressure RO filtration properties. Our efforts to 
synthesize the tunable and well–controlled dry bulk PA pellets for the PDF analysis have 
revealed vital information about the structure–process relationship. The study of the various 
monomers, viz., o–phenylene diamine, p–phenylene diamine, piperazine, which differ only in 
the positions of amine groups on benzene ring, revealed that the monomers can affect the 
crosslinked structure by forming different topological networks and molecular channels 
induced by different constituents of the exposed COOH group. The low order peaks (1 to 2 Å) 
detected in the scattering spectra were attributed to the C – C in benzene ring of the polymer 
backbone. The interatomic spacings on the polymer backbone showed different peak 
positions ranging from 2 to 2.6 Å, indicating that the polymer synthesized from different 
monomers consisted of the neighboring chains and ligands along the same chain having 
different spacing. The peaks at 3.6 and 4.3 Å originate from pi–pi stacking. Additionally, the 
motifs of the polymer backbone synthesized by replacing one of the monomers showed 
different peak positions at around 5 Å, attributed to the perpendicular stacking motifs, 
possibly related to filtration properties. Furthermore, X–ray scattering measurements of PA 
bulk film under controlled humidity and vacuum conditions revealed reversible swelling of the 
bulk films. 
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Blending biomimetically modified keratin with chitosan improves the mechanical 
strength of scaffolds for wound healing applications. 

Nilakshi Abeysinghe, nilakshi@dal.ca, Nandika Bandara. University of Manitoba, Winnipeg, 
Manitoba, Canada  

Higher rejection risk and poor biological properties of synthetic skin-grafts has lead to use 
poultry feather keratin as a biopolymer source. Therefore, this study aimed to improve 
mechanical properties of keratin scaffolds by biomimetic modification and polymer blending 
with chitosan. Feather keratin was modified with Tyrosinase, and scaffolds were fabricated 
using unmodified (UK)/modified-keratin (MK) with chitosan at 0%, 10%, 20%, 30% 40%, and 
50% w/w ratios. Mechanical strength, chemical properties, thermal stability, and impact of 
modification on crystallinity of scaffolds were characterized using texture-analyzer, FTIR, 
DSC, and XRD. Maximum compression strength and compressive modulus were recorded at 
6.67±0.22 and 0.21Pa for 50:50 keratin:chitosan blend. A significant increase of absorbance 
of Tyr ring–OH group at 1520cm-1 and C–H aromatic groups at 3295–3390cm-1 were 
observed for MK, suggesting the conversion of Tyr-residues into 2,3-dihydroxyphenylalanine 
(DOPA) groups (Fig 1). FTIR confirmed the changes in protein secondary structure with 
Tyrosinase modification. Changes in crystallinity were observed for UK and MK scaffolds with 
polymer blending. DCS scaffold thermograms recorded endothermic peaks at 238.4, 222.4, 
and 220.4oC for poultry feathers, UK and MK, implying that modification slightly changed the 
thermal stability of blends. XRD peaks were observed at 2Ø value of 9o (α-helix) and 20o (β-
sheet) for MK scaffolds with higher intensities confirming higher contents of α-helix and β-
sheets. In conclusion, biomimetic modification with chitosan polymer blends helps improving 
mechanical properties of scaffolds. 

 
Figure 01: DOPA conversion 
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Cyclobutane containing polyesters from zinc catalyzed ring-opening copolymerization 
of epoxides and cyclobutane-based anhydrides 

Muneer Shaik, muneershaik88@gmail.com, Houssein S. Amjaour, Qianli Rick Chu, 
Guodong Du. chemistry, University of North Dakota, Grand Forks, North Dakota, United 
States  

Aliphatic polyesters have received attention as attractive and potentially sustainable 
alternatives to petroleum-based polymers due to their various renewable resources, 
degradation to usually benign products, and high biocompatibility. New types of bio-based 
monomers are emerging, with rigid structural units such as cyclohexane, cyclopentane, and 
substituted phthalic anhydrides have been incorporated to improve the polymer properties. 
Built on the recent synthesis of cyclobutane containing cyclic anhydrides, we have prepared a 
series of new polyesters via zinc-catalyzed ring-opening copolymerization of epoxides and 
novel cyclobutane-derived anhydrides. Based on the characterization and analysis by 1H-
NMR, 13C-NMR, DOSY, ESI, GPC, TGA, and DSC techniques, the resultant polymers are 
nearly perfectly alternating polyesters with narrow dispersity, and the presence of the 
cyclobutane moiety in the polymer chain leads to improved rigidity and higher glass transition 
temperatures. When combined with another rigid monomer like cyclohexene oxide, high Tg 
up to 131 °C has been observed. 
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A fully bio-based elastomer via RAFT-Mediated miniemulsion polymerization 

Uddhab Kalita, uddhabkalita1@gmail.com, Koushik Bhattacharya, Sarthik Samanta, Nikhil 
K. Singha. Rubber Technology Centre, Indian Institute of Technology Kharagpur, Kharagpur, 
West Bengal, India  

Elastomers are most widely used in different fields of applications ranging from automotive, 
building-construction, flexible electronic devices, footwear, and adhesives to even biomedical 
applications. However, most of the synthetic elastomers are derived from petroleum-based 
resources. The depletion of petro-based resources, however have led to the use of bio-based 
resources for the production of elastomers. Here, we report a fully bio-based elastomer 
prepared using glycomonomer and terpene monomers. The copolymerization of these two 
monomers was carried out via RAFT-mediated miniemulsion polymerization technique. The 
molecular weights and dispersity of the copolymer were observed to be well controlled and 
narrow, respectively. The terpene part contributes to the elastomeric property and the glyco 
part contributes to the strength of elastomer. Due to the combination of these two monomers, 
the elastomer replicates the emulsion styrene-butadiene rubbers (SBR). This bio-based 
elastomer showed impressive mechanical properties and good recyclability. The prepared 
elastomer exhibited good film-forming ability as well as transparency. Excellent 
biocompatibility of the synthesized elastomer was observed via MTT assay. The elastomer 
thus can be used for potential biomedical applications such as for production of patches, 
catheter pipes etc. 

 
Graphical representation of a fully bio-based elastomer synthesized via RAFT-mediated emulsion 
polymerization 
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Ionic liquid-catalyzed synthesis of polymer/carbon nanocomposite foam: Enhanced 
flame-retardant and triboelectric performances 

Teklebrahan Gebrekrstos Weldemhret1, teko2721@gmail.com, Jung Il Song1, Yong Tae 
Park2. (1) Research Institute of Mechatronics, Department of Mechanical Engineering, 
Changwon National University, Changwon, 20 Changwondaehak-ro, Uichang-gu, 
Gyeongsangnam-do 51140, Republic of Korea, Korea (the Republic of) (2) Department of 
Mechanical Engineering, Myongji University, Yongin, 116 Myongji-ro, Cheoin-gu, Gyeonggi-
do 17058, Republic of Korea, Korea (the Republic of)  

Owing to their inherent flexibility, compressibility, breathability, and convenient fabrication 
process, polyurethane foam (PUF)-based triboelectric nanogenerators (TENGs) are an 
excellent choice for the development of energy harvesting devices and self-powered sensors. 
However, the vast majority of foams are victims of fire due to the extreme flammability of 
PUF. The addition of fillers during foam synthesis is proposed as a cost-effective means to 
overcome this problem. However, the addition of fillers significantly decreases the foamability 
and expansion ratio of the composite, thereby greatly affect the compressibility, flexibility, and 
density of the polymer/filler composite foam. Herein, a graphite (Gr)/carbon black (CB)/PU 
foam has been successfully fabricated using 1-butylimidazole diethylphosphonate 
([Bmim]DEP) ionic liquid as a catalyst. During polymerization, [Bmim]DEP catalyzes the 
isocyanate/H2O reaction and generates CO2 gas in the form of bubbles. These bubbles act 
as a blowing agent and enhance the foamability and expansion of the polymer/carbon 
composite. Thus, the resultant Gr/CB/PU sponge with high filler loadings (>33 wt%) had low 
density and possessed excellent flexibility and compressibility. Besides, the resultant sponge 
exhibited excellent flame retardancy by self-extinguishing to a butane flame (~1400 °C, 
applied for 20 s) and reduce the peak heat release rate (a critical flammability metric) by 
60%. Moreover, the addition of Gr and CB significantly enhanced the TENG performance of 
the foam. This work offers a new and facile strategy for fabricating flame-retardant and 
functional polymeric nanocomposites. 

 
SEM images and snapshots from open flame test for pristine PU (A) and Gr/CB/PU (B). Flexible and 
lightweight Gr/CB/PU sponge (C). Biochemical energy harvesting using Gr/CB/PU–based TENG attached 
under a sole of shoe (D).  
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Synthesis of hydrogen peroxide sensitive chex-conjugate nanoparticles via brush-first 
ROMP 

Leticia C. Costa1, lcosta@wesleyan.edu, Peyton Shieh1, Hadiqa Zafar1, Gregory D. 
Thiabaud2,3,4, Alan Jasanoff2,3,4, Jeremiah A. Johnson1. (1) Chemistry, Massachusetts 
Institute of Technology, Cambridge, Massachusetts, United States (2) Biological Engineering, 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (3) Brain 
and Cognitive Sciences, Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States (4) Nuclear Science and Engineering, Massachusetts Institute of Technology, 
Cambridge, Massachusetts, United States  

Hydrogen peroxide is an important product of oxygen metabolism: it is necessary to cellular 
fitness, but when misregulated, it can cause oxidative stress inside cells. Developing a 
polymeric system that can serve as an imaging probe for the detection of excess H2O2 in 
living systems is, therefore, of interest. To address this problem, we developed a boronate-
based bis-norbornene derivative that enables the brush-first synthesis of uniform brush-arm 
star polymers (BASPs). Degradation of boronate-core cross-linked particles into bottlebrush 
polymers in the presence of H2O2 was assessed by gel permeation chromatography (GPC) 
as well as dynamic light scattering (DLS). We combined this new cross-linker with a 
spirocyclohexyl nitroxide (chex)-branched macromonomer (chex-MM), a reduction resistant 
cyclohexyl nitroxide MM that displays high relaxivity and stability, for the synthesis of chex-
BASPs. Exposure to H2O2 and the subsequent chex-BASP degradation into bottlebrushes 
can be detected by magnetic resonance imaging (MRI) as the relaxation properties of these 
nitroxide radical-based nanostructures changes. This new cross-linker is an important 
addition to our brush-first ROMP system for BASP as an imaging platform. Such a system 
can potentially allow real-time detection of oxidative stress inside of cells as well as precisely 
deliver drugs to cells with increased levels of H2O2. 
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Analytical advantages of pyrolysis- Atmospheric pressure gas chromatography 
coupled to high resolution time of flight mass spectrometry for polymer research 

Rachel Sanig1, rachel_sanig@waters.com, Cristian I. Cojocariu1, Bryan C. Katzenmeyer2, 
bryan_katzenmeyer@waters.com. (1) Waters Corp Wilmslow, Wilmslow, Cheshire East, 
United Kingdom (2) Waters Corp, Milford, Massachusetts, United States  

In the field of polymer research, pyrolysis coupled to gas chromatography-mass spectrometry 
(GC-MS) has been extensively used in the past and is becoming increasingly prominent. 
Scientific interest is growing in sustainable polymers and natural materials to generate 
energy. Biopolymers derived from natural sources, such as feedstocks, are complex and 
require characterization prior to use, therefore pyrolysis-GC with soft ionization high 
resolution mass spectrometry is potentially a useful tool in this field. 

In this work, a comparison between classical pyrolysis-GC with election ionization (EI)-
quadrupole MS and pyrolysis-atmospheric pressure gas chromatography (APGC) coupled to 
a quadrupole time-of-flight (QToF)-MS was performed. The analytical advantages of soft 
ionization and exact mass acquisition, through the use of APGC and QToF-MS were 
explored for both organic and biopolymer analysis. 

APGC is an ionization technique similar to atmospheric pressure chemical ionization, which 
uses a corona discharge, enabling softer ionization and intact molecular ions detection, 
resulting in higher sensitivity and selectivity. If needed, ion fragmentation can also be induced 
to provide information for structural elucidation. The QToF mass spectrometer used can 
acquire data in MSE mode, whereby both low and high collision energy spectra are collected 
containing the accurate mass of precursor and fragment ions. 

In general, the data from pyrolysis-APGC-MS analysis was more information rich than 
reference pyrograms acquired using pyrolysis-GC-MS with EI. In addition, by careful 
selection of the fragmentation collision energy, it was possible to use both high and low 
energy settings within a single acquisition to obtain spectral data that was analogous to fixed 
70 eV collision energy data to search existing commercial libraries (ex: NIST, Wiley) spectra 
for putative compound identification. 

The benefits of soft ionization were clear with a significantly higher number of peaks 
observed in the low energy APGC pyrogram, compared with both the MSE high energy 
pyrogram and the EI pyrogram. The preliminary results obtained indicate that pyrolysis-APGC 
QToF is a promising analytical tool for laboratories focusing on compositional analysis of 
complex polymer materials. 
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Bio-Based Rigid Polyurethane Foams Blended with Expendable Graphite as an Eco-
Friendly and Efficient Flame-Retardant 

Felipe de Souza, fdesouza@gus.pittstate.edu, Jonghyun Choi, 
jonghyunchoi09@gmail.com, Ram K. Gupta, rgupta@pittstate.edu. Pittsburg State 
University, Pittsburg, Kansas, United States  

Polyurethane foams (PU) compose a well-established field of petrochemical-based polymers 
that find applications in several sectors like (i) internal components and seats for 
automobiles; (ii) thermal insulation fillers in houses and freezers; (iii) dampers in footwear; 
among many others. This diverse field of applications is possible due to their inherent 
properties which include low density, a wide range of mechanical behavior, and thermal 
insulation. The presence of these properties in a single material is partially due to their high 
porosity and surface area. However, it facilitates air diffusion within its cellular structure. 
Because of that, PU has poor fire resistance, which makes them dangerous during a fire 
incident due to the release of toxic fumes. To counter that, flame retardants (FR) are used, 
which are compounds that can self-quench fire. However, the industry used to employ 
halogen-based FRs which are toxic and now rely on phosphorus-based which are costly. 
Herein, we proposed the facile synthesis of a bio-based polyol to make rigid PU incorporated 
with increasing concentrations of expandable graphite, an eco-friendly and cheaper FR. 
Through that, the PU containing 12.8 wt. % of EG presented satisfactory properties such as 
density of about 40 kg/m3, high closed-cell content over 90%, compressive strength over 170 
kPa, the relative improvement in thermal stability, and appreciable flame retardancy during 
burning test its burning time decreased from about 85 to 11 seconds. Hence, a feasible 
option for PU with higher bio-based content along with an effective eco-friendly FR is 
demonstrated in this work. 
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Effect of graphene on the physicomechanical and thermal properties of bio-based 
polyurethanes 

Magdalene Asare, magsare70@gmail.com, Suthar Vishwa, 
vishwasuthar311298@gmail.com, Prashant Kote, pkote@gus.pittstate.edu, Ram K. Gupta. 
Pittsburg State University, Pittsburg, Kansas, United States  

Polyurethane-based polymers have a wide range of applications due to their versatility. 
Polyurethanes are usually synthesized through the addition reaction of a polyol and 
isocyanate. Until recently, polyols, which play a vital role in the properties of polyurethane 
were petroleum-based. However, due to the fast depletion of these non-renewable sources 
and the earnest need to protect the environment, researchers are more intrigued about using 
green and cost-efficient alternatives. In this 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 an easy one-step reaction with 
isocyanate. In an attempt to improve the mechanical properties of the bio-based polyurethane 
composite, graphene was introduced in increasing percent concentrations. The dispersion of 
the graphene, as well as the effects of the polyol, was investigated. In addition, TGA, DSC, 
TGA, flexural test, and elasticity among many others were used to test the effects of 
graphene on the mechanical properties of the materials. It was observed that the mechanical 
strength and hardness of the material improved with increasing concentrations of the 
graphene. The TGA results also showed high thermal stability of the synthesized 
polyurethane materials in the presence of graphene. This experiment established a very fast 
and facile method for the production of bio-based polyurethane composites that had 
improved mechanical properties with the addition of graphene. 
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Utilizing reversible Diels-Alder chemistry to design reloadable polymer supports 

Ryan Duty, rsd015@shsu.edu, Christopher E. Hobbs. Chemistry, Sam Houston State 
University, Huntsville, Texas, United States  

This poster describes our current efforts at designing new, "reloadable" polymer supports for 
homogeneous catalysis. This involved the copolymerization of norbornene derivatives 
decorated with octadecyl and furyl groups; the former serves as a phase tag to provide the 
support with high nonpolar phase selective solubility while the latter acts as a "handle" in 
which low molecular species (ligand, reagent, catalyst, dye) containing maleimide groups can 
be "loaded" onto the support using a Diels-Alder reaction. Once exhausted, the polymer 
support can be "unloaded" by removing the spent ligand/reagent/catalyst through a retro-
Diels-Alder reaction, providing the "empty" polymer support. This support can then be 
"reloaded" with fresh/new ligand/reagent/catalyst. 
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Bio-based coating of modified limonene via UV light technology 

Sahilkumar Chaudhary, sachaudhary@gus.pittstate.edu, Prashant Kote, 
pkote@gus.pittstate.edu, Ram K. Gupta. Pittsburg State University, Pittsburg, Kansas, United 
States  

Coating industries are well expanded across the globe to provide a better coating. The 
increased usage of petroleum products to cover up their demands creates many issues. In 
this research, we have used limonene, a biobased chemical, for fabricating high-performance 
coatings. Thiol-ene click chemistry was used to introduce hydroxyl functionality into limonene. 
Limonene-polyol was methacrylate with methacrylic anhydride through an esterification 
reaction to proceed further for UV curing formulation. According to FT-IR analysis that 
hydroxyl functional groups held by the structure of limonene were transfigured into the 
corresponding methacrylate. The methacrylated limonene-polyol was prepared for UV curing 
via the addition of a photoinitiator and a different amount of cross-linker, where this mixture 
was applied to a steel surface and cured under UV light to provide a cross-linked structure, 
which gives strong surface adhesion and scratch-resistant coating. The coated material is 
also characterized by FT-IR, TGA, Tensile, and in various environmental conditions. This 
research presents a bio-based convenient synthesis procedure with a lower cost for coating 
applications. 
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Synthesis and Characterization of pH-Sensitive Polyester Polypiperazine Polyurethane 
Metallopolymers 

Anthony Kornokovich1, kornokovicha1@udayton.edu, Jessica Schneider1, Clarissa Ove1, 
Daniel Barlow3, Russell K. Pirlo2, Justin C. Biffinger1. (1) Chemistry, University of Dayton 
College of Arts and Sciences, Dayton, Ohio, United States (2) Engineering, University of 
Dayton, Dayton, Ohio, United States (3) Chemistry, Naval Research Laboratory Chemistry 
Division, Washington, District of Columbia, United States  

Polymers, specifically metallopolymers, continue to find applications in fields ranging from 
sustainable catalysis, energy storage, to medical applications. Polymers with coordinating 
ligands are a promising class of materials, since nitrogen and oxygen ligands impart tunability 
to the polymers, which leads to new and interesting material and chemical properties. In this 
presentation, we will describe the synthesis and characterization of thermoplastic polyadipate 
and polysuccinate chain extended with polypiperazine polyurethane linkages. We 
incorporated the piperazine functionality as both a pH-sensitive and metal coordinating 
functionality to the final materials. NMR (1 dimension and 2 dimension), gel permeation 
chromatography, Infrared and Raman spectroscopy in solution or as thermocast coatings at 
selected acidities and metal concentrations characterized the polymers. The polymers were 
then metallated with between 5-10% (w/w) Fe(III) acetylacetonate in ethanol under a nitrogen 
atmosphere. Each polymer and Fe(III) metallopolymer were characterized using thermal 
gravimetric analysis and differential scanning calorimetry and electrochemically as 
thermocast coatings. 
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Utilizing DOSY NMR for determination of polymer molecular weights 

Eric G. Ruzicka, eruzicka@email.sc.edu, Brian C. Benicewicz, Perry Pellechia. Chemistry, 
University of South Carolina, Columbia, South Carolina, United States  

Diffusion ordered 1H NMR (DOSY) becoming a powerful tool to characterize molecular 
weights of polymers. Compared to common characterization techniques such as gel 
permeation chromatography (GPC), DOSY is faster, uses less solvent, and does not require 
a purified polymer sample. Determination of molecular weights were achieved by the linear 
correlation between the logarithm of diffusion coefficient (D) and the logarithm of the 
molecular weights based on an external calibration curve. Here, we emphasize the 
importance of the preparation needed to generate the calibration curve which includes 
choosing the correct pulse sequence, parameters, and sample preparation. Additionally, we 
focus on the accuracy of the calibration curve by varying the degree of the polydispersity, 
creation of the calibration curve, and the introduction of a new calibration curve for 
polybutadiene. 
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Investigating the relationship between peptide assemblies and antimicrobial activity 

Breana Laguera, blaguer@emory.edu, Ordy Gnewou, Vincent P. Conticello. Chemistry, 
Emory University, Atlanta, Georgia, United States  

Antimicrobial peptides (AMPs) are the defensive weapons of the innate immune system 
wielded against pathogenic microbes in virtually every organism. The biological activity of 
AMPs has been well explored with many AMPs exhibiting cytolytic activity towards 
mammalian cells, which has limited their use as therapeutic agents to date. Several models 
have been proposed for the mode of antimicrobial action, however, little direct structural 
evidence is available in membrane-mimetic models systems. Several classes of AMPs self-
assemble into helical filaments. In at least one case, the cytolytic activity of the AMP toward 
mammalian cell lines is significantly reduced while the antimicrobial activity is retained. 
However, due to the lack of structural information, little direct insight has been available to 
either guide the design of therapeutic AMP assemblies or to understand the basis of their 
antimicrobial activity. Here we present the structural analysis of filamentous peptide 
assemblies and their design principles that we believe to be necessary for the biological 
activity of this class of peptides. Continued structural analysis of these filaments may 
illuminate the mechanism through which the peptides exert their influence in a membrane 
environment. In practice, the corresponding filaments could serve as a matrix for controlled 
release of AMPs that minimizes the cytolytic response toward mammalian cells. 

 
TEM of Temporin analog, TSHα. Peptide in Acetate pH 4 (0.8 mM) 
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Mechanism studies of antimicrobial poly(guanylurea) 8K against Mycobacterium 
smegmatis> 

Michelle Miranda, mmira037@fiu.edu, Thirunavukkarasu Annamalai, Yuk-Ching Tse-Dinh, 
Joong Ho Moon. Chemistry, Florida International University, Miami, Florida, United States  

Tuberculosis (TB) continues to be a serious threat worldwide. Tb is one of the top ten causes 
of death from a single infectious agent. This disease is caused by the infection of 
Mycobacterium tuberculosis. Drug-resistant TB remains to be a great threat to public health, 
specifically for developing countries. Current treatment options are lengthy and can lead to 
undesirable side effects, as well as drug resistance from bacteria if not taken as prescribed. 
Developing novel drugs leading to improving current treatment options is highly demanding. 
Antimicrobial polymers that mimic naturally occurring antimicrobial peptides have gained 
much attentions owing to their unique antimicrobial mechanism of membrane integrity 
disruption. which is believed to disrupt the integrity of the bacterial cell membranes. 
Previously, our group discovered that positively charged polyguanylurea (PGU) exhibits high 
antimycobacterial efficacy. Herein, we will present detailed antimycobacterial mechanism of 
PGU-P-8K using M. smegmatis as a model organism for mycobacteria. 

 

 
Figure 1. Mechanism studies of PGU-P-8K effect on the cell membrane of M.smegmatis. 
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Side chain rigidity and backbone flexibility: Poly(Ladder) ROMPs for gas separations 

Kayla Storme1, kstorme@mit.edu, Sharon Lin2, Francesco Maria Benedetti2, You-Chi Wu1, 
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  

In the United States, separation processes consume 16 quadrillion BTUs of energy annually, 
accounting for approximately 50% of the total annual energy consumed by the entire 
chemicals industry. About 53% of the energy used for separation processes is expended by 
distillation, requiring significant energy input to overcome heats of vaporization. If distillation 
were replaced with membrane-based separations, a projected 90% of energy losses could be 
saved. Industries today have adopted membranes made of polymers like cellulose acetate to 
perform separations, but limitations such as instability in aggressive environments and 
suboptimal performance prevent a broader adoption of membrane technologies. 

Over the past 15 years, a sizable interest in polymers of intrinsic microporosity (PIMs) 
developed. PIMs, which are synthesized through step-growth polymerization, are the first 
class of processable ladder polymers applied to gas separations. They feature rigid 
backbones with kinks that inhibit dense packing of polymer chains, resulting in higher 
permeability compared to current commercial membranes. However, PIM-1 shows 
undesirable instability against physical aging and plasticizing gases—phenomena indicative 
of poor real-world performance. 

To address these limitations, microporous polymers featuring rigid, pore-generating side 
chains on flexible backbones were synthesized through a novel 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. 
The method enables variability with pendant groups besides the more traditional post-
polymerization modification routes. As a result, fluorinated moieties were introduced on the 
polymer structure, enhancing gas transport properties with record-breaking permeability for 
CO2, ideal for carbon capture applications. ROMP polymers further displayed reduced 
physical aging and unprecedented plasticization resistance. 
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Trojan Horse implants for implosive chemical recycling of Poly(ethylene terephthalate) 

Dhananjay Dileep, djay11@iastate.edu, Ting-Han Lee, Jack Bonde, Michael J. Forrester, 
Eric Cochran. Chemical and Biological Engineering, Iowa State University, Ames, Iowa, 
United States  

Polyethylene terephthalate (PET) is a widely used thermoplastic with a global production of 
~50 MMT in 2016 and is expected to grow at a CAGR of 9.7% by 2022. This exceptional 
market presence can be attributed to desired chemical, mechanical, optical, and thermal 
properties suited to its ideal candidature in the food and beverage packaging industries. PET 
consumerism is plagued with environmental persistence with no measurable degradation 
observed in landfills (half-life of >2500 days). The recent governmental ban imposed by 
several countries on single-use plastics faced an immediate reversal to limiting the rampant 
spread of COVID-19, sowing the seeds for a plastic pandemic, making a solid case for true 
recycling. Chemical disassembly of polymers to re-polymerizable units by modifying existing 
plastics at source offers a robust strategy against a twofold crisis of both limited 
petrochemical resources and post-consumer waste. This study entails modification of 
traditional PET with chemically reactive moieties aka Trojan Horse (TH) motifs such as 
hexadec-8-enedioic acid that upon application of a unique and selective chemical trigger 
unzips the polymer to its monomeric predecessors. This entails the forming glycol adducts of 
the long-chain olefinic moiety inserted into the conventional PET chain, which can provide 
centers for oxidative cleavage in the presence of a strong oxidant that initiates the 
depolymerization mechanism. Oxidative breakdown accompanied by subsequent hydrolysis 
resulted in monomers and oligomers at chemically mild conditions realizing recycling at the 
molecular level which upon re-polymerization should result in at par performance properties 
with virgin PET. 

 
A mechanistic view of oxidative and hydrolytic deconstruction of PET. 
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Structure and properties characterization of poly(2-maleimideomethyl-3,4-
ethylenedioxythiophene) (PEDOT-MA) 

Yuhang Wu, yuhangwu@udel.edu, Samadhan S. Nagane, Peter Sitarik, Shrirang Chhatre, 
Junghyun Lee, David C. Martin. Materials science and engineering, University of Delaware, 
Newark, Delaware, United States  

We have examined the properties of electrodeposited poly(2'-maleimideomethyl-3,4-
ethylenedioxythiophene) (PEDOT-MA) and compared it to pristine poly(3,4-
ethylenedioxythiophene) (PEDOT). According to results of linear cyclic voltammetry (linear 
CV) and galvanostatic charging/discharging (GCD) in 0.1 M KCl aqueous solution, PEDOT-
MA presented higher areal specific capacitance, 5.8×10-3 F/cm2 at 25 mV/s and 7.0×10-3 
F/cm2 at 1.6×10-4 A/cm2, while PEDOT, electrodeposited at the same charge densities, only 
exhibited 5.4×10-3 F/cm2 at 25 mV/s and 6.3×10-3 F/cm2 at 1.6×10-4 A/cm2. The effective 
Young's modulus was evaluated by nanoindentation and that value for PEDOT-MA was 4.5 
GPa, while it was 1.8 GPa for PEDOT. PEDOT-MA showed decreased scattering from the 
lamellar stacking ~1.21 nm and π-π stacking ~0.34 nm as confirmed by grazing-incidence 
wide-angle X-ray scattering (GIWAXS). However, the impedance performance across a 
broad range of frequencies (10-1 to 105 Hz) was similar for both PEDOT and PEDOT-MA, 
indicating that both materials remained effective at charge transport. Accessibilities and 

availabilities of the maleimide 
functionalities were also evaluated by 
attaching thiol-cholesterol moieties 
through click chemistry. Both the 
increased contact angle from PEDOT-MA 
(25°) to thiol-cholesterol post-processed 
PEDOT-MA (115°) and the suppressed 
linear CV response reflected the 
successful attachment of cholesterol 
functionalities on the material surface 
under mild conditions (room temperature 
and pressure). The gradual increase of 
the impedance amplitude with the 
increasing immersion time in thiol-
cholesterol solution was also studied to 
show the possibility of sensing the 
concentration of analytes based on the 
alteration of impedance at a certain 
frequency. Our work has offered a route 
to post-process PEDOT with biologically-
derived functionalities that have precisely 
tailored charge transport properties. 
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Sequestration of contaminants from water into poly(α-olefins) facilitated by 
polyisobutylene cosolvents 

Neil Rosenfeld, Rosena00@tamu.edu, Ethan C. Quinn, Mara P. Alonso, 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 have 
been used as recyclable solvents for many applications; including catalysis, safer storage of 
pyrophoric chemicals, and liquid-liquid separations. The extraordinary recyclability of PAOs 
can be attributed to their low volatility and low levels of leaching into more polar solvents. 
Previously we have shown that PAOs alone can sequester at least 99% of hexane, benzene, 
dichloromethane, and 1,4-dichlorobenzene from contaminated water by liquid-liquid 
extraction. If a hydrogen bond donating PIB-cosolvent was added, the sequestration of trace 
contaminants such as triethylamine, tetrahydrofuran, and nitrobenzene was enhanced. As a 
continuation of this research, we studied PAO solutions containing PIB-bound bases as 
cosolvents and noted that they removed hydrogen bond donors such as phenols from water. 
Bisphenol-A (BPA), 4-chlorophenol, and 2,4-dichlorophenol can be extracted with >99% 
efficiency. At concentrations of PIB-imidazole as low as 0.1M in PAO432 we observe >99% 
extraction efficiency of a ca. 200 ppm BPA solution. With higher concentrations of PIB-
imidazole, >99% extraction of many halogenated or alkylated phenols becomes possible. 
Several other phenols can be sequestered from water with >80% efficiency. After extraction, 
the PAO phase containing a PIB-imidazole cosolvent can be regenerated by mixing with solid 
NaOH; removing the phenol as its sodium phenolate salt. This then allows for recycling of 
PAO solutions for at least five cycles. PIB-imidazoles with substituents in the 2, 4, and 5 
positions were also effective sequestering agents for BPA and select phenols. Additionally, 
PIB-cosolvents with cationic end groups, such as imidazolium or ammonium salts, have 
shown promise as sequestering agents for anionic contaminants including dyes and 
carboxylate anions. 
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Developing a 1,2,3-triazolium ionic liquid for cellulose dissolution and functionalization 

Kangling Ma, kma@nd.edu, Xiuyu Jin, Mingxin Zheng, Haifeng Gao. Department of 
Chemistry and Biochemistry, University of Notre Dame, Notre Dame, Indiana, United States  

Ionic liquids (ILs) are organic salts that have melting points below 100 oC and represent an 
intriguing class of “green” solvents for cellulose dissolution and processing in a sustainable 
manner. In this presentation, we reported a new type of 1,3,4-trisubstituted 1,2,3-triazolium 
(TTr) ILs that demonstrated facile synthesis, high solubility of celluloses, and high chemical 
stability in alkaline environment. Within the investigation, nine non-reactive and reactive TTr 
ILs were designed to explore their applications as solvents and reactive monomers for 
cellulose dissolution and functionalization. Among them, 1,4-dibutyl-3-methyl-1,2,3-triazolium 
acetate IL exhibited the highest cellulose solubility at about 15.7 wt% at 80 oC. The cellulose-
dissolved solutions were applied for subsequent cellulose functionalization reactions, 
including cellulose acetylation, sulfonation and carboxymethylation with high conversions. In 
addition, a polymerizable TTr IL carrying a C4-vinyl group was used for the first time to 
prepare hybrid celluloses with grafted polytriazoliums. These results demonstrated TTr ILs as 
alternative solvents for cellulose dissolution and functionalization and a new approach was 
developed to obtain cellulose-synthetic polymer materials. 

 

 
  



~ 247 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Photophysics and morphology effects of Hexa-peri-hexabenzocoronene to trimeric 
perfluoro-ortho-phenylene mercury pi-complexation 

Ziqi Yu, ziqi.yu@utsa.edu. chemistry, The University of Texas at San Antonio College of 
Sciences, San Antonio, Texas, United States  

The trimeric perfluoro-ortho-phenylene mercury compound Hg3 and Hexa-alky substituted 
derivatives of Hexa-peri-hexabenzocoronene (HBC) show unique supramolecular interactions 
in solution and the solid-state. The addition of Hg3 to HBC solution leads to a noticeable red-
shifting of the maximum absorbance of the HBC chromophore and a dramatic decrease in 
HBC luminescence as well as an appearance of phosphorescence from the Hg triad (c.a. 577 
and 625 nm), which is consistent with the formation of aggregates. Transient absorption 
spectroscopy of the HBC: Hg3 aggregates in chlorobenzene solution reveals the triplet is 
localized on the HBC chromophore. A confocal laser scanning microscope is used to further 
characterize the surface of the HBC/Hg3 complexes. 
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Design of polyamide segmented copolymers with carboxytelechelic polyethylene 

Anastasia Arrington1,2, aarrington@asu.edu, Timothy E. Long1,2. (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  

Polyethylene (PE) comprises a large portion of non-biodegradable, accumulating waste in 
both marine and land environments. In this work, we aimed to explore the synthesis and 
physical properties of a segmented copolymer alternative to high density PE (HDPE). The 
segmented copolymer described herein comprised of low Mn PE segments joined by amide 
linkages, which introduced greater susceptibility to degradation while maintaining comparable 
physical properties to HDPE. The synthetic process began with cross-metathesis ring-
opening metathesis polymerization to obtain carboxy-terminated oligomeric PE precursors, 
followed by hydrogenation of double bonds to yield difunctional PE segments. Melt 
polymerization of the PE segments in the presence of nylon salts enabled production of 
novel, robust polyamides, which were characterized by TGA, DSC, DMA, rheology, and 
tensile testing. While the thermal properties of the segmented polyamides displayed 
comparability to HDPE, the rheological and thermomechanical properties of the segmented 
copolymers deviated due to the inclusion of hydrogen bonding and morphological differences. 
Ongoing investigations of these segmented systems will elucidate pathways for enzymatic 
degradation at the amide linkages and attempt recovery of all components for a circular 
economy upcycling approach. 
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Synthesis of polar solvent-tolerant perovskite quantum dots by grafting polymers from 
the surface 

Xiuyu Jin, xjin3@nd.edu, Kangling Ma, Haifeng Gao. University of Notre Dame, Notre Dame, 
Indiana, United States  

Colloidal lead halide perovskite quantum dots (PQDs) have attracted tremendous interest 
due to their unique optoelectronic properties, but the dynamic nature of the PQD lattice brings 
inherent interface instability in polar media and therefore limits the use of PQDs in real 
applications. Herein, we for the first time present a grafting-from polymerization strategy to 
introduce protective polymer brushes on the PQD surface via photoinduced electron/energy 
transfer reversible addition−fragmentation chain-transfer (PET-RAFT) polymerization, in 
which the PQDs functioned as both photocatalysts and substrates for the growth of polymers. 
The polymerization exhibited features of controlled radical polymerization, which produced 
surface-tethered polymers with well-defined molecular weights, low polydispersity, and 
extendable lengths. The polymer-grafted PQDs showed significantly improved colloidal 
stability and optical stability in various polar organic media and aqueous environment, 
confirming the effectiveness of surface polymer protection of PQDs using grafting-from PET 
RAFT polymerization technique. We believe the method will become a universal tool to 
introduce different polymer architectures on PQD for surface functionalization and 
stabilization. 
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Polymer science in the classroom at Virginia Tech 

John B. Matson, jbmatson@gmail.com, Michael D. Schulz, mdschulz@vt.edu. Chemistry, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States  

At Virginia Tech we have several programs devoted to polymer science at the undergraduate 
and graduate levels. Undergraduate chemistry majors may choose from one BA option and 
three BS options, one of which is Polymer Chemistry. This major centers on the study and 
synthesis polymers that make up many of the materials we encounter in everyday life. 
Students pursuing this major take most of the classes required of all chemistry majors but 
also attend a lecture class entitled Organic Chemistry of Polymers and a Polymer Capstone 
Laboratory class. Students learn about additive manufacturing, polymer drug delivery, high-
performance materials, sustainable polymers, biomedical materials, polymers for energy 
applications, and novel polymer chemistry, among other topics. Students at the graduate 
level can pursue a PhD in the area of polymer chemistry either through our Chemistry PhD 
program or through our separate Macromolecular Science and Engineering PhD program. 
These programs have different course requirements, but students between the two programs 
overlap in classes and in research labs. In this symposium, we will discuss the undergraduate 
and graduate program curricula, various lecture courses available to students, and the lab 
courses that focus on polymers. 
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Cross-cutting education in polymer materials at UMass Amherst 

Todd Emrick, tsemrick@mail.pse.umass.edu. Polymer Science & Engineering Department, 
University of Massachusetts Amherst, Amherst, Massachusetts, United States  

This lecture will highlight the central components of polymer materials science and 
engineering education at UMass Amherst. In accord with the objectives of this symposium, 
the focus of the lecture will include modern curriculum developments at the graduate and 
undergraduate levels, graduate student leadership in educational outreach efforts, and 
academic/industrial partnerships focused on diversifying the makeup of the polymer field. By 
highlighting current activities and historical developments, the ongoing importance of polymer 
chemistry, engineering, and physics to the materials field is evident and couples into the need 
for thorough and rigorous student training at the forefront of the polymer field and as cross-
sections into related fields in STEM. 
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Developing a curriculum and degree track in polymer chemistry at a rural, primarily 
undergraduate university 

Kevin M. Miller, kmiller38@murraystate.edu, Daniel Johnson. Chemistry, Murray State 
University, Murray, Kentucky, United States  

Murray State University is located in far-western Kentucky and serves a regional student 
population which also encompasses southern Illinois, northwestern Tennessee and 
southeastern Missouri. Students from this area are generally from rural areas, many of which 
are first-generation college students. In our region, students who are considering a major in 
science (especially chemistry and biology) are narrowly focused on going to medical, dental 
or pharmacy school, and thus are unaware of the breadth of careers available to students 
who major (or minor) in chemistry, particularly those related to polymer science. As MSU has 
never offered a degree program in chemical engineering, polymer/materials science or any 
related field of study, we developed an undergraduate chemistry degree track in 2014 which 
focused on polymer and material science in order to broaden the education and potential 
career opportunities available to our students. Initial curriculum changes included small 
additions to courses such as organic chemistry and instrumental analysis, as well as a revival 
of our lecture-based polymer chemistry course. More impactful changes included the offering 
of two new courses: Chemical Engineering for Chemists and a stand-alone Polymer and 
Materials Science Laboratory course. In this discussion, a sample curriculum of our program 
will be presented along with descriptions of certain unique courses. Several recent success 
stories will also be highlighted along with an overview of our Polymer and Materials 
Characterization Laboratory which has helped support a number of undergraduate research 
projects. The population of our polymer and materials science degree track has nearly tripled 
in size within the last three years alone, with all of the graduates landing employment or 
going to graduate school. As so many rural opportunities for chemical employment involve 
factory support of monomers and/or plastic/materials products, it is our hope that this 
program can be used as a model for other similar sized rural universities. 
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Integrating polymer chemistry concepts into lecture and laboratory courses at Western 
Washington University 

Amanda Murphy, amanda.murphy@wwu.edu. Chemistry, Western Washington University, 
Bellingham, Washington, United States  

Our department has been actively working for several years to incorporate a higher 
proportion of macromolecular concepts into our chemistry curriculum. I will give an overview 
of the topics covered in the upper-division Chemistry of Macromolecules elective course that I 
developed, as well as provide some examples of how we integrate research-based polymer 
chemistry experiments into organic laboratory courses. 
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Incorporating more polymer science content into a traditional materials science and 
engineering undergraduate curriculum 

Elizabeth M. Glogowski, emglogowski@gmail.com. Materials Science & Biomedical 
Engineering, University of Wisconsin-Eau Claire, Eau Claire, Wisconsin, United States  

The University of Wisconsin-Eau Claire has a unique undergraduate-only materials science 
and engineering degree. Regional companies include significant engineering and 
manufacturing in plastic injection molding and plastic extrusion. The preparation of materials 
engineers must include sufficient polymer science and engineering technical content and 
hands-on lab experiences to prepare engineering graduates. Polymer science and 
engineering content and hands-on experiences are incorporated into a dedicated Soft 
Materials course as well as across the traditional materials science and engineering 
curriculum focused mainly on hard materials, i.e. metals, ceramics, and semiconductors. 
Incorporated technical content includes an overview of polymer chemistry, polymer physics, 
and polymer engineering, as well as and overview of other soft materials such as colloids and 
surfactants. Lab experiences, both within a traditional one-hour lecture period and a more 
standard three-hour lab period, have been incorporated into courses to give undergraduate 
students hands-on experience with polymer synthesis, polymer mechanical testing, and 
polymer processing techniques. This prepares materials engineering graduates from the 
bachelor of science program at UW-Eau Claire for careers in regional plastics industry. 
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Teaching scientific writing and communication through an undergraduate polymer 
chemistry course 

Eric S. Tillman, etillman@scu.edu. Chemistry & Biochemistry, Santa Clara University, Santa 
Clara, California, United States  

Elevating the ability of undergraduate students to read and comprehend scientific literature, 
write about technical material, and effectively communicate scientific topics is an important 
aspect of any Chemistry education. The topic of polymer chemistry, in particular, works 
perfectly as a backdrop to accomplish these goals, while also introducing students to 
macromolecules beyond the limited exposure they receive in lower division courses. By 
choosing literature examples that are approachable to undergraduates and align with current 
course topics, the course structure can flow seamlessly from traditional lecture to a literature-
based emphasis. The specific course at Santa Clara University is designed to have lecture 
and problem-solving focus on Mondays and Wednesdays, while Fridays are devoted to 
literature discussions. The second half of the course shifts to students giving oral 
presentations and a larger focus on writing, with students turning in critical responses to 
literature readings each week. The subject of Polymer Chemistry not only attracts chemistry 
and biochemistry majors, but also engineers and other STEM majors more broadly. 
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Teaching polymer science and engineering fundamentals to undergraduate students 

Heather Broadhead, heather.broadhead@usm.edu. School of Polymer Science and 
Engineering, The University of Southern Mississippi, Hattiesburg, Mississippi, United States  

The majority of chemists and chemical engineers will work with polymers at some point in 
their careers. It is therefore necessary to educate undergraduate students majoring in these 
disciplines with the basic fundamentals of polymer science and engineering. An introductory 
polymer course will be discussed that covers an array of topics ranging from polymer 
chemistry and synthetic mechanisms to structure-property relationships, polymer 
characterization, polymer processing, and applications. Pedagogical approaches including 
hands-on activities, laboratory experiments, and exploratory homework assignments serve to 
augment the polymer content covered in this course. This introductory polymer course serves 
as a foundation for students earning polymer science and engineering degrees at The 
University of Southern Mississippi and can also be adopted by programs aiming to add 
polymer content into their curricula. 
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Building cross-disciplinary CUREs with hydrogels for bioremediation in a first-year 
curriculum 

Kristopher V. Waynant2, James Moberly3, Mark F. Roll1, mroll@uidaho.edu, Roslyn 
McCormack3, Sarah McNeil2, Carson Silsby3, Jonathan Counts3, Connor J. Hill3, Thomas 
Christensen3. (1) Materials Science & Engineering, University of Idaho, Moscow, Idaho, 
United States (2) Chemistry, University of Idaho, Moscow, Idaho, United States (3) Chemical 
& Biological Engineering, University of Idaho, Moscow, Idaho, United States  

Over the past 5 years, the University of Idaho's Biological Sciences, Chemistry, and Chemical 
Engineering programs have developed a series of Course-based Undergraduate Research 
Experiences (CUREs), including a sequence of experiments for first-year undergraduate 
students in the two-semester General Chemistry Laboratory sequence. This approach has 
potential for significant broader impacts as many disciplines from the Colleges of Science, 
Agriculture, and Engineering require this general chemistry sequence for first year students. 

Lab courses began with concept-driven exercises and mastery-focused learning techniques 
utilizing CURE connected experiments. Recent efforts utilized the second semester for a 
CURE project focused on the development of building protective hydrogels for bioremediation 
as independent projects in small groups. Polyvinyl alcohol and alginate-based hydrogels 
allow the students to see the impact of chemical manipulations in a very tangible and tactile 
manner. 

This past spring of 2021, despite the challenges of COVID-19, the 20 students of two 
CHEM112 Honors sections were able to use a flexible work schedule to investigate diffusion 
in hydrogels. Students utilized primary literature to devise measurable modifications to 
polymer hydrogels and test these modifications in a custom designed, DIY Raspberry Pi 
driven pH instruments nicknamed “GelipHish”. In survey responses, 60% felt they improved 
their understanding of working in a research laboratory, and 73% appreciated the larger 
group size (6-7 students) for the research activities. With student groups operating in parallel, 
there were great opportunities to explore redundancy and reproducibility; however, one key 
lesson learned was that there is a fine line between “challenging” and “frustrating” for the 
Honors student cohort testing these experiments. Overall the qualitative responses show the 
promise and challenge of providing technique-oriented, authentic research as a momentum 
building experience to retain STEM students. 
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Aligning practical laboratory classes with curricula through a versatile modular 
approach 

Yoan C. Simon, Yoan.Simon@usm.edu. School of Polymer Science and Engineering, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

The introduction of practical experience regarding polymer synthesis and characterization is 
often difficult to align with curricula and necessitates a versatile approach that enables one to 
incorporate ready-made versatile modules that can be mixed and matched at will. Unlike pure 
synthesis or analytical laboratory classes which can be devoid of context, we report on the 
use of all-encompassing pedagogical approach which enables one to cover a broad array of 
chemistry topics, practical skills, and characterization methods. We specifically report on the 
necessity to align the techniques covered in laboratory and the theoretical concepts covered 
in class. Furthermore, we emphasize the opportunity to highlight practical and real-world 
applications of the concepts covered in the classroom and at the bench to prepare the 
students for their future careers. A thorough evaluation system aimed to ensure student 
readiness is described. While the modules were specifically designed to fit within a polymer 
science and engineering curriculum, we will discuss their broad applicability in the context of 
various disciplines. 
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Seeing the flexibility of polymers 

Jamie Sorrell, jamie.sorrell@lamark12.org. University of Southern Mississippi, Hattiesburg, 
Mississippi, United States  

Polymers are a key component in today’s society. Part of what makes polymers so prevalent 
is their durability. This is partially due to their viscoelastic nature, which imparts both solid and 
liquid-like behavior. Overall, this can lead to differences in polymer performance based on the 
testing rate. To impart a better understanding of how applied forces can determine how 
polymers behave, we designed a lesson plan for tenth-grade students revolving around 
stretching speed of slime. First, students will be engaged by stretching puddy. Students will 
observe that gum breaks when it is stretching quickly, but can reach extreme elongation if 
stretched slowly. Second, students will then explore how to collect data to determine the 
stretching rate of the gum; they will stretch their gum for one hundred centimeters while 
videoing and timing the stretch in ten centimeters increments. Finally, after discussing how to 
compile their collected data on a distance vs. time graph, students will create a standard 
stretchy slime sample and conduct a rate test on the slime. Students will manipulate the 
standard sample recipe to try to improve the rate of the stretchy slime. Finally, the findings 
will be assessed, and the results presented in a poster session. This activity is a great way 
for students to manipulate and test the qualities of polymers in a high school setting. 
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Polymer science and engineering curriculum and laboratory activities developed for 
high school classrooms by RET participants at the University of Southern Mississippi 

Anna Patterson, anna.l.patterson@usm.edu, Sarah E. Morgan, Heather Broadhead. School 
of Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, 
Mississippi, United States  

Teachers participating in the National Science Foundation Research Experience for Teachers 
(RET) Site for Sustainable Polymer Engineering Research at the University of Southern 
Mississippi engage in six-weeks of summer research with faculty in the School of Polymer 
Science and Engineering. Teachers engage in project themes that include (1) Reducing 
waste through design of degradable and bio-based polymers, (2) Improving water quality 
through polymer sensors and delivery vehicles, (3) Enabling alternative energy approaches 
with high performance polymers. RET participants work with faculty and graduate students to 
develop research-based laboratory activities for implementation in their classrooms that 
incorporate real-world polymer examples while addressing national science standards. RET 
Participants also mentor Middle School Science Teacher Workshop participants to assist in 
the development of polymer science and engineering curriculum for middle school students. 
Throughout the year, RET faculty and graduate student mentors visit RET participant’s 
classrooms to assist in facilitating the research-based lesson and to lead hands-on laboratory 
activities. An overview of the successful summer research program will be highlighted, with 
examples of engaging activities that explore fundamental science and engineering concepts. 
Successful tools used to develop lessons and improve the impact of polymer research in the 
classroom will be presented. 

 

 
2021 RET Participants 
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Research experience for teachers: Bringing polymer science into the high school 
classroom 

Matthew I. Seal, mseal@forrestcountyahs.com, Guorong Ma, Xiaodan Gu. Polymer Science, 
University of Southern Mississippi, Hattiesburg, Mississippi, United States  

As part of the Research Experience for Teachers (RET) program at the University of 
Southern Mississippi's School of Polymer Science and Engeering, a lesson plan was created 
through which students learn the science of tensile testing as well as how to be better 
stewarts of the environment. Thorugh this lesson, students learned the role that polymers 
play in their everyday lives, while becoming aware of the growing marine microplastics 
problem. Students took a pretest to assess their prior knowldege of the products made from 
polymers, such as desks, pencils and even clothing. The teacher assessed the student's prior 
knowledge of the growing marine microplastics problem and the efects it has on marine life. 
Through independent research and teacher-led discussion, videos and interviews, students 
discovered how fishing lines contribute to the growing marine microplastics problem. 
Students were given materials to assemble redfish rigs using four commonly available 
polymers (Nylon, PE, PVDF and PP). Students form a hypothesis on which polymer they 
think has the highest tensile strength, and therefore has the least chance of fouling. The 
students were grouped, with four students per group, and the students constructed crude 
tensile testing apparatuses to test the tensile strength of the fishing lines. The students used 
these apparatuses to test the redfish rig made from each polymer, with four total tensile 
testing stations and each testing station set up to test a different polymer. The groups 
gathered data, created graphs, reported that data to classmates, as well as compared data 
across the class. The students, then made four more redfish rigs using what they learned 
through the first trial of tensile testing. Ultimately, the students learned about the growing 
microplastics problem and how they can be better environmental stewards. 
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Rational designing of one-dimensional photonic crystal 

Gautam Sarkar1, gsarkar@hotmail.com, Mark Robertson2, Zhe Qiang2, Jessica King3. (1) 
Chemistry, Medaille College, Buffalo, New York, United States (2) Polymer Science and 
Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States (3) 
Science, Northwest Rankin High School, Flowood, Mississippi, United States  

Understanding and controlling light-matter interactions is of central interest for various 
applications such as communication, renewable energy, and sensing technologies. Photonic 
crystals (PCs) are a class of materials that can manipulate propagation of electromagnetic 
waves to on-demand display different color, using at least two materials with distinct 
refractive indices. Briefly, the mechanism of reflection of light in 1-D photonic crystal is driven 
by following parameters: (1) layer thickness dictates the wavelength of the reflected light 
according to Bragg’s equation and (2) the difference between the refractive indices dictates 
the intensity of the reflected light. The goal of this RET project was to develop two suitable 
polymers (polystyrene and phenolic resin) and to design their appropriate thicknesses to 
fabricate a stack of bi-layer films for preparing a photonic crystal that would reflect light in a 
targeted wavelength range (visible, ~400-700 nm) with desired intensity. Specifically, the 
layer thickness can be controlled by varying the polymer solution concentrations for spin 
coating. Additionally, we identified a step of surface treatment is necessary for improving the 
wettability between distinct polymer layers. Through this project, we successfully developed a 
lesson for chemistry course that may be used for high school and junior-college 
students.[ZQ1] This lesson addresses the 5 Es of learning at this level (engage, explore, 
explain, elaborate and evaluate) where students demonstrate an understanding of the nature 
of properties of various types of chemical solutions, develop and use models to explain the 
dissolving process in solvents at the molecular level by spin-coating paints on various 
surfaces. 
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Zooming in on polymer chemistry and designing a polymer synthesis experiment for 
virtual undergraduate laboratory 

Metin Karayilan, metin.karayilan@duke.edu, Jafer R. Vakil, Daniel Fowler, Matthew Becker, 
Charles T. Cox. Department of Chemistry, Duke University, Durham, North Carolina, United 
States  

Teaching polymer chemistry principles early in the undergraduate curriculum allows students 
to find connections between chemistry and real-world applications and can promote interest 
in science and scientific research. Performing laboratory experiments on polymers is of equal 
importance when integrating polymer concepts into undergraduate-level lectures. There are 
several lab demonstrations on polymer science in synthesis, characterization, and 
applications, yet more, easy-to-handle experiments are needed that connect polymers to 
organic reactions, spectroscopy, and sustainability, especially in a virtual setting. We 
designed a virtual experiment to incorporate the synthesis of high sulfur-content polymers 
into the general chemistry laboratory during the pandemic (Figure 1). Teaching assistants 
(TAs) performed the experiments and collected the necessary data and observations for 
students. Video recordings of the polymerization reactions, reaction times, and collages of 
digital images depicting reaction progress (viscosity and color changes) are provided to 
students. During a single 3-hour long virtual lab meeting, students watch the lab videos, read 
the student handout and a research paper, and discuss the results and observations with 
their peers and lab TAs. The lab experiment demonstrates the interdependence of general 
chemistry learning objectives including chemical bonding, radicals, reaction kinetics, 
thermodynamics, stoichiometric calculations, and spectroscopy. In addition, this virtual 
experiment introduces undergraduate students to polymer chemistry, encourages them to 
look beyond the textbooks and lecture resources by using literature articles, and connects 
general chemistry concepts with upper-level chemistry classes. Post-lab survey results show 
that students find the video recordings and group discussions on the polymerization reactions 
very helpful in understanding a new concept within a virtual distant-learning environment. 

 
Figure 1. Polymer synthesis design for virtual undergraduate lab  
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From dairy waste to sustainable hydrogels: An advanced polymer teaching lab 
experiment 

Jeffrey P. Buenaflor, buena007@umn.edu, Jane E. Wissinger. Chemistry, University of 
Minnesota Twin Cities, Minneapolis, Minnesota, United States  

Showcasing current innovations in sustainable polymers presents an opportunity to apply 
green chemistry concepts. Furthermore, students are exposed to the importance of a circular 
economy and the United Nations Sustainable Goal of responsible production and 
consumption. Herein, we present a teaching lab experiment highlighting several green 
chemistry principles including the usage of renewable feedstocks, high atom economy, 
energy efficient synthesis, waste prevention, and using water as a benign solvent. This 
experiment creates a biobased hydrogel derived from either lactose or sucrose, natural 
disaccharides which can be sourced from dairy waste or sugarcane feedstocks. The 
carbohydrate monomers are appended with photoreactive methyl methacrylate groups that 
are crosslinked to generate a hydrogel with tunable physical properties by varying the 
crosslinking density. Structure-property relationships are assessed through comparative 
studies that involve performing compression tests to measure the modulus of elasticity, and 
water uptake analysis at different pH. Using two different disaccharide monomers adds an 
inquiry-based approach to the experiment. Additionally, the comparison of the disaccharide 
methacrylate hydrogels to commercially available products highlight the importance of 
evaluating competitive properties. Classroom implementations at the University of Minnesota 
and Augsburg University will be shared including student results, learning outcomes, and 
critique of the experiment. 

 
Examples of student prepared sugar methacrylate hydrogels 
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Teaching polymer synthesis using the CREATE method 

Frank A. Leibfarth, FrankL@email.unc.edu. Chemistry, University of North Carolina at 
Chapel Hill College of Arts and Sciences, Chapel Hill, North Carolina, United States  

The CREATE (Consider, Read, Elucidate the hypothesis, Analyze and interpret and data, 
and Think of the next Experiment) method of teaching enhances student critical thinking skills 
while teaching fundamental aspects of polymer synthesis through an intensive analysis of 
primary literature. This CREATE approach requires students to read and analyze a set of 
foundational papers published on Polymer Synthesis. Content knowledge is acquired as an 
underlying principle to understand why and how the study was conducted, what hypotheses 
were presented, and how each piece of data contributes to the manuscript. Through the 
CREATE method, students complete pre-class assignments, and the in-class portion of the 
curriculum is focused on small group guided discussions that use diverse pedagogical tools 
to encourage critical thinking and contextualizing the work, such as concept mapping, 
experimental design, and data visualization. These diverse tools naturally provide a dynamic 
learning environment that encourages student engagement and provides a variety of content 
delivery mechanisms for students with different learning styles. In this lecture, I will present 
how I have used the CREATE method to teach an undergraduate/graduate level Polymer 
Synthesis course. 
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Critically appraised topic (CAT) pedagogy to conduct virtual undergraduate polymer 
research 

Michelle Gaines, mgaines6@spelman.edu. Chemistry & Biochemistry, Spelman College, 
Atlanta, Georgia, United States  

The COVID pandemic introduced new challenges for experimentalists to progress research 
goals outside of the traditional lab environment. Thus, the pandemic required me to develop a 
meaningful virtual framework for students to achieve course credit for undergraduate 
research. To achieve these goals, I implemented the Critically Appraised Topic (CAT) 
technique to answer a relevant research question from the information presented in relevant 
articles collected from the literature. CAT is an evidence-based practice, developed medical 
practitioners to help synthesize the massive volume of peer-reviewed information in medical 
and scientific journals. The technique involves obtaining a standardized summary of research 
evidence organized around a clinical question. Ultimately, CAT provides a detailed critique of 
the research on a topic, summarized into a clinical relevance statement. Although CAT is 
most often used to synthesize technical medical information, I used the technique in my 
polymer chemistry research lab to teach students how to conduct a detailed review of the 
chemical scientific literature and thus conduct qualitative research. The steps involved with 
employing the CAT are to: 1) Ask, 2) Search, 3) Appraise, 4) Apply, & 5) Evaluate. In 
summary, each student developed a research question such as “What is the consensus on 
the existing research on 3D-cell culture made from hydrogels?” Once formulated, the 
students conducted a systematic search of the literature in PubMed and SciFinder, by 
incorporating specific search terms and evaluating the relevance of each queried result. They 
summarized the key findings from a subset of relevant research articles (4-6 articles) and 
identified the themes that coincided with answering their research question. Each student 
reported their findings in the form of a written report and technical oral presentation, and 
several of them presented their findings to the Spelman community during our annual 
Spelman Research Day. 

 
 
Summary of Key Findings from CAT conducted on the research question: “What is the consensus on the existing research 
on 3D-cell culture made from microgels?” 
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Development and assessment of guided inquiry activities for polymer science 

Jennifer Laaser, j.laaser@pitt.edu. Chemistry, University of Pittsburgh, Pittsburgh, 
Pennsylvania, United States  

Guided inquiry learning is a powerful framework for active learning in STEM classrooms. To 
enable instructors to employ guided inquiry techniques in college-level polymer science 
classrooms, we have developed a collection of 19 guided inquiry activities designed to help 
students explore core topics in polymer chemistry, polymer physics, and polymer 
characterization. The activity collection, which is freely available and under ongoing 
development, has been used successfully as the primary instructional material for an 
undergraduate course in synthesis and characterization of polymers at the University of 
Pittsburgh over the past three years. Initial pre/post assessments in this course suggest that 
the guided inquiry approach improves students' confidence in figuring out how to solve 
unfamiliar problems and in reaching conclusions from given data or evidence even in upper-
level chemistry electives. Implementation and evaluation of the activities at other universities 
will be a critical next step for refining the collection to serve as a useful resource across a 
wide range of educational contexts. 

 
Excerpt from a guided inquiry activity on molecular weight and dispersity included in the described 
collection.  
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Polymer bonds to green and sustainable chemistry 

Jane E. Wissinger, jwiss@umn.edu. Chemistry, University of Minnesota Twin Cities, 
Minneapolis, Minnesota, United States  

An upper division green chemistry lecture course provides an excellent opportunity to 
illustrate how chemistry and chemical engineering majors can connect their science 
knowledge to society and sustainable innovations in future careers. As one of many topics 
covered, polymers and plastics resonates strongly with students as a challenge to scientists 
to maximize the benefits polymers bring to human quality of life while minimizing their 
negative effect on health and the environment. The detrimental impact of plastics on marine 
life particularly accentuates the unintended consequences of the ubiquitous use of polymers 
in commercial products, and necessitates the need for creative scientists willing to address 
these challenges. 

In the polymers module, students are tasked with applying the fundamental skills of functional 
groups, bonding, and reactivity to solidify their knowledge of polymer 
structures/representations, syntheses, and (un)reactivity. Statistics showing the massive 
growth of the polymer industry illustrate material scientists’ mastery in design for functionality 
using a reductionist approach, but failure to foresee the pollution that would result. Students 
read current literature articles demonstrating modern approaches to sustainable polymers 
using a systems thinking approach and targeting a circular economy. Classroom discussions 
center on examples, many from the University of Minnesota’s Center for Sustainable 
Polymers (CSP), where advances in use of renewable monomers, greener processes, and 
design for recyclability, degradability, and composting are accomplished through innovative 
chemistries. CSP graduate students or postdocs are often guest speakers and provided with 
the professional development opportunity to share their research. 

Students research their own polymer topic of choice and complete an assignment that spans 
the molecular structure to broader society contributions that can be realized. Connecting 
these advances in polymeric materials to attaining the United Nations 17 Sustainable 
Development Goals highlights the essential role scientist will play in a sustainable future. 
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Investigating the efficacy of flame retardant additives in polymeric materials: 
understanding types of reactions in the classroom 

MARY E. GRAY, professormegray@gmail.com, Katherine Odom, Karina J. Reynolds, Sergei 
Nazarenko. Polymer Science and Engineering, University of Southern Mississippi, 
Hattiesburg, Mississippi, United States  

Flame retardant additives can prevent polymers from catching fire, reduce smoke production 
during a fire, and work to extinguish a fire. Some metal salts, such as magnesium hydroxide, 
can increase flame retardancy of polymers. However, due to poor miscibility, these metal 
salts have not been incorporated to their full potential. In an in-lab study, zinc acrylate was 
reacted into the backbone of thiol-ene networks up to 10% incorporation to study the efficacy 
of this new flame retardant additive. These composites were studied via cone calorimetry, 
where it was found that the zinc acrylate degraded to form a continuous zinc oxide char layer, 
effectively reducing heat release rate and smoke production. This research was then 
translated into a classroom activity to help students understand types of reactions and 
polymer flammability with hands-on experience. Using a quick cure epoxy, students were 
able to investigate different additives for their flame retardant properties utilizing the UL-94 
testing methods for polymer flammability. This allowed students to investigate different types 
of reactions, such as combustion and oxidation, and understand how different additives might 
break down during pyrolysis. 
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Inexpensive hydrogel microstructure characterization for high school science classes 

Murilo Suekuni3, suekuni_murilo@ku.edu, Arthur Ballos1, Barry Richards2, Alan M. Allgeier3. 
(1) Wichita East High School, Wichita, Kansas, United States (2) Wellsville High School, 
Wellsville, Kansas, United States (3) Chemical and Petroleum Engineering, University of 
Kansas School of Engineering, Lawrence, Kansas, United States  

Common in a myriad of applications, hydrogels, are hydrophilic polymer networks with 
remarkable properties for the biomedical field. Importantly, their microstructure, i.e. mesh 
size, regulates mass transfer processes and polymer moduli, relevant for drug delivery and 
scaffolding. Desired hydrogel structure can be properly controlled by selective changes in 
polymer content. 

Compression and diffusion experiments were developed using gelatin at 2 to 20 polymer 
wt.% in water. Samples were prepared by heating solutions to 90°C, with subsequent 
refrigeration at 3°C overnight. The formed gels were either removed from graduated beakers 
for uniaxial compression or left in 20 mL vials for diffusion studies with food-grade dyes. 

Mechanical studies were performed using a set of weights from 10 g to 500 g. Gel 
compression was tracked using a 12” grading ruler until collapse or unnoticeable changes in 
height. Stress-strain plots showed a positive relation between calculated compressive moduli 
(4 to 12 kPa) and polymer wt.%, characteristic of hydrogel networks. During diffusion studies, 
5 mL of dye solutions were placed on top of gels, and the vertical displacement was tracked 
over 28 hours. The estimated permeation rates were lower for gelatin at 10 wt.% in 
comparison to 3 and 5 wt.%. This agrees with the uniaxial compression data. Increasing 
gelatin content led to a more constrained hydrogel network, hindering dye diffusion, and 
increasing strength. The consistency between the two independent studies supports 
developed methodology for pedagogic discussion of polymer properties. Lastly, results were 
compared with mesh sizes estimated from low-field nuclear magnetic resonance (LF-NMR), 
which also showed a decrease in hydrogel mesh size (1.4 – 4.9 nm) as a function of polymer 
wt.%. Although NMR is not available in high school settings, the supplementary data 
supported the discussion of recent developments in materials characterization technologies. 
The discussed highlighted important physics and mathematical aspects of hydrogel 
characterization, suitable for different educational stages, including high school science 
classes. 
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Products from hydrovinylation and cycloaddition: From elastomers to engineering 
plastics 

Irene C. Cai1, Paul J. Chirik2, Gursu Culcu1, Nikola S. Lambic1, Tzu-Pin Lin1, Sarah J. 
Mattler1, Jonathan Schaefer1, Joseph A. Throckmorton1, Jarod M. Younker1, Brian J. 
Rohde1, brian.rohde@exxonmobil.com. (1) ExxonMobil Chemical Co, Houston, Texas, 
United States (2) Chemistry, Princeton University, Princeton, New Jersey, United States  

Hydrovinylation and cycloaddition offer pathways to potentially upcycle base olefins, through 
various combinations of olefin / conjugated diene pairs, namely 4-methyl-hexadiene (4MHD) 
and vinyl cyclobutane (VCB), respectively. 

4MHD was subsequently used in low Tg high diene terpolymer elastomers of ethylene, 
propylene and 4MHD to displace ethylidene norbornene, ENB, in the pursuit of co-curabilty 
with polydienes. A detailed look into monomer incorporation, cure kinetics and co-cure 
indicators with various polydienes was performed. 

Poly(vinyl cyclobutane) shares a Tm space with few other polyolefins, potentially offering clear 
differentiation from iPP. A detailed look into the relationship of molding conditions, 
crystallization, via DSC and WAXS, and thermal-mechanical behavior relative to iPP and 
poly(4-methyl-pentene) (P4MP) was performed. 
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Evolution of olefin elastomer technology 

Stacy L. Pesek, SLPesek@dow.com, Jeff Munro, Yushan Hu. Dow Chemical Co, Midland, 
Michigan, United States  

Dow is dedicated to providing innovative, market relevant polyolefin technology to meet 
global demand. Polyolefin elastomers are a specialty class of materials within the Plastics & 
Specialty Polymers division at Dow. In this talk, the evolution of polyolefin technology from 
random polyethylene copolymers to olefin block copolymers will be discussed. Dow’s 
INFUSE™ olefin block copolymer (OBC) technology is a novel class of commercially 
available polyolefins with unique physical properties derived from the block structure. Dow’s 
INFUSE™ OBCs are used in automotive impact modification, elastic film, and high-
performance footwear foams. More recently, polypropylene based olefin block copolymers 
have been developed and serve as a bridge between PE and PP. 
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Nano-ICPs and nano-TPVs: Towards a new paradigm of high performance 
thermoplastics and thermoplastic elastomers 

Carlos R. Lopez-Barron, carlos.r.lopez-barron@exxonmobil.com, Sung A. Kim, Brian J. 
Rohde, Hamidreza Khakdaman. ExxonMobil Chemical Co, Houston, Texas, United States  

Impact copolymer polypropylene (ICP) and thermoplastic vulcanizates (TPV) are the most 
important propylene (PP)-based heterogeneous polyolefins. Conventional ICPs and TPVs 
contain ethylene-propylene (EP)-based copolymers as the rubbery phase, which have poor 
compatibility with PP, leading to weak interfacial adhesion and large microdomains. Better 
rubber/PP compatibility would lead to enhanced blend properties. Blends of polypropylene 
with ethylene (E)/1-butene (B) copolymers show a composition window (between 60 and 90 
wt% B) where molecular miscibility is observed. A series of BE copolymers and BEDM (1-
butene/ethylene/diene) terpolymers were synthesized and blended with isotactic PP (iPP) to 
produce fully miscible BE/iPP and BEDM/iPP blends. Upon cooling, iPP crystallization drives 
nanophase segregation in BE/iPP blends, resulting in soft nano-ICPs with remarkably high 
stretchability (strain to break ~ 500 %), compared to conventional ICPs (<100%). Dynamic 
vulcanization of BEDM/iPP blends results in a unique hierarchical microstructure comprising 
a PP matrix and a rubber-rich dispersed phase with internal nanostructure. The latter consist 
of iPP and BEDM cocontinuous domains. This novel microstructure produce soft elastomers 
with improved elastomeric performance, compared to conventional TPVs. This proof of 
concept study represents a new paradigm for the design of rubbers for ICP and TPV 
applications with tailored compatibility with iPP matrix, which can be extended to other E/α-
olefin copolymers. 
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Material considerations for enabling a robust N95 respirator supply chain 

John Sebastian, jamichaels1@gmail.com, Nathan E. Schultz, neschultz@mmm.com, 
Fuming B. Li, Justin L. Keough. 3M Company, Saint Paul, Minnesota, United States  

During the COVID-19 pandemic, there was a dramatic rise in demand for N95 filtering face 
piece respirators (FFRs) to help protect healthcare and frontline workers from the SARS-
CoV-2 virus. As one of the largest manufacturers of N95 respirators, 3M was confronted with 
the global supply chain challenge of increasing its production to over 2 billion respirators 
worldwide in 2020 to meet this unprecedented demand. Because electrostatically charged 
filter media is a critical component in N95 FFRs a key enabler in this attainment was prior 
technical work to establish a robust polyolefin resin supply chain. Here we present the results 
of studies to identify which material properties are critical for ensuring long-term stability of 
the electrostatic charge present within N95 filter media that allows it to provide high filtration 
efficiency at a comfortable breathing resistance. 

 
The Science Behind Respiratory Protection 
Our unique manufacturing process injects a powerful electrostatic charge into an open formation 
material, improving the efficiency of particle trapping while allowing more air to pass through. This 
results in highly effective respirators—NIOSH-approved and FDA-cleared for fluid resistance. 
 

 
Take a Closer Look at Trapping Airborne Particles Illustration of how 3M’s electrostatically 
charged microfibers—magnified 10,000 times—attract and capture particles from the air.  
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New hydrogenated styrenic block copolymers for polyolefin modification 

Aparajita Bhattacharya, aparajita.bhattacharya@kraton.com. Kraton Corp, Houston, Texas, 
United States  

Hydrogenated styrenic block copolymers (HSBC) are soft thermoplastic elastomers, whose 
molecular structure can be tailored to be compatible with multiple types of polymers, including 
polyolefins. This leads HSBCs to find applications in a wide range of market segments like 
automotive, packaging, medical, recycling of plastics/bioplastics, and in consumer durables 
and electronics. HSBCs can be blended with polypropylenes at various ratios to enhance 
impact strength at low temperatures in rigid applications and modify hardness and flexibility in 
soft applications. Newer grades being developed at Kraton can be used to improve 
processability while maintaining the same performance, for instance, in medical film and bag 
applications, and in flame retardant compounds used in wire and cable and consumer 
durable applications. In this paper, we will provide an overview of the structure and 
characteristics of HSBC polymers, along with the performance attributes such as flame 
retardant performance, impact modification and mechanical property enhancement, and 
compatibilization. 
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Non-precious metal catalysts for functional polyolefin synthesis 

Daniel R. Sanchez2, Peter M. Waddell2, Anthony R. Scavuzzo2, Brad P. Carrow1, 
bcarrow@uh.edu. (1) Chemistry, University of Houston, Houston, Texas, United States (2) 
Chemistry, Princeton University, Princeton, New Jersey, United States  

Functional polyolefins (f-PO) have long been synthetic targets in polymer chemistry. 
Catalysts competent to form f-PO by insertion polymerization are nevertheless dominated by 
palladium, which is impractical solution for large scale f-PO applications. This presentation 
will discuss two distinct approaches to generate f-PO architectures using non-precious metal 
catalysts. Nickel(II) catalysts capable of producing linear, statistical f-PO copolymers will be 
discussed, along with studies to understand their ligand-dependent control of activity, 
molecular weight, and competitive monomer enchainment. Alternatively, a coordinative chain 
transfer polymerization can be exploited to generate f-PO with chain end functionality that 
complement the main chain functional group incorporation of the nickel catalysts. 
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Effects of catalyst symmetry on ethylene/alpha-olefin copolymerization 

John DeLorbe, jedelorbe@dow.com, Phillip Fontaine, Hien Do, Andrew Young. The Dow 
Chemical Company, Lake Jackson, Texas, United States  

A demand still exists for new molecular polyolefin catalysts that can lead to differentiated 
ethylene/alpha-olefin copolymer microstructures, including polymer molecular weight and 
comonomer incorporation. The combination of carbazole and 3,5-di-tert-butylphenyl groups 
on bis-biphenylphenol based ligand structures was used to study the effect of catalyst 
symmetry on an ethylene/alpha-olefin copolymerization reaction in a continuously-stirred tank 
reactor (CSTR). Synthesis of the catalysts along with characterization of the polymers will be 
discussed. 
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Ethylene trimerization using chromium pyridyl amine complexes: A computational 
study 

Glen E. Alliger, glen.e.alliger@exxonmobil.com. ExxonMobil Chemical Co, Houston, Texas, 
United States  

Selective trimerization of ethylene to produce 1-hexene is a commercially practiced process 
that yields valuable comonomer for linear low density polyethylene production. Several years 
ago, ExxonMobil chemists developed a family of chromium catalysts useful for ethylene 
trimerization, but a mechanistic understanding of the catalysis remained elusive. This talk 
presents a mechanistic proposal to explain the catalytic selectivity, supported by a 
computational exploration of proposed cycle. Results will be discussed in terms of geometric 
requirements for reaction and the fundamental steps involved in catalysis. 
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Photopolymerized adhesives for efficient bond assembly 

Kathleen S. Shafer, ksshafer@mmm.com, Kelly A. Volp, Jonathan E. Janoski, Mark D. 
Purgett, Doug L. Elmore, Mary I. Buckett, Mark McCormick. 3M, St. Paul, Minnesota, United 
States  

The rapid pace of technology development and rise of Industry 4.0, coupled with increased 
awareness of environmental impact, is changing how goods are manufactured and 
assembled. Our research, creating new photopolymerized adhesives for reducing waste and 
energy usage in high-throughput assembly applications, operates at the confluence of these 
themes. This talk will provide perspective on current market trends aligned with this adhesive 
class and discuss the development/characterization of new light-activated adhesive material 
sets. 
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Sustainable thermoplastic adhesives 

Thomas Kauffman, thomas.kauffman@hbfuller.com. H.B.Fuller Co., St. Paul, Minnesota, 
United States  

Traditional thermoplastic (hot melt) adhesives are based on petroleum derived polymers and 
petroleum derived rheological modifiers such as tackifying resins, oils and waxes. 
Specifically, hot melts are typically based on m-PE1, EVA2, EnBA3 and SBC4 polymers. As 
such, the environmental footprint as determined by carbon footprint or life cycle analysis is 
not optimal. Moreover, these materials are designed from materials designed to have 
exceptional thermal, oxidative, and hydrolytic stability. As such, they have limited or no ability 
to degrade into CO2 and H2O and biomass under industrial composting conditions. 

There is a growing interest in adhesives which have improved environmental impact either 
through higher bio-content, and hence reduced carbon footprint, or, for some applications, 
adhesives which can conform to industrial or home composting standards. Designing 
adhesives to have either higher bio-content or biodegradablity (compostability) pose unique 
challenges and trade-offs. Other approaches to hot melt adhesives with improved 
environmental impact are adhesives with lower application temperature5 to reduce energy 
consumption or lower density6 to reduce add-on levels. 

An overview of strides made in sustainable thermoplastic adhesive development and 
sustainable adhesive development in general11 will be provided while highlighting the 
challenges and trade-offs which need to be considered. 
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Adhesives for wearable devices – Opportunities and challenges 

Sunil Pillalamarri, spillalamarri@chemence.com, Samantha Garton, Sushanta Das, Ran Liu, 
Laura Bassam. Chemence, Inc, Alpharetta, Georgia, United States  

Wearable devices have been growing in popularity due to a wide variety of applications, 
mainly in healthcare and consumer electronics. Although adhesives have been previously 
used in similar applications, the integration of the same in consumer wearable devices 
requires improved safety profile to avoid any dermatitis issues during prolonged periods of 
skin contact. These adhesives have to offer low extractables, low skin irritation, reduced 
oxygen inhibition and high water/chemical resistance. This paper will present/review some of 
the applications in a variety of wearable devices, and present data on newly developed 
biocompatible adhesives, based on UV curing acrylate/methacrylate and polyurethane 
chemistries. 
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Resolving the challenges in polyolefins adhesion 

Qichun Wan, qwan@dow.com, Colin Li Pi Shan, Yongchun Chen, Brian Yu, Hong Yang, 
Stephanie Anderson, Frank Gong. The Dow Chemical Company, Midland, Michigan, United 
States  

The adhesion of polyolefin compounds to polar substrates is one of the on-going challenges 
for many consumer and industrial applications. Due to differences in polarity and surface 
energy, the bonding of polyolefin thermoplastic elastomers to engineering plastics such as 
polyethylene terephthalate (PET), polyamide, polycarbonate, polyurethane, and other 
polar/non-polar materials are largely unresolved. This presentation discusses the strategies 
to identify and develop various chemistries and the key formulation principles to improve the 
polyolefin adhesion. Some of the key principles for improved adhesion uncovered include the 
substrate surface functionality, solvent compatibility, and the processing conditions 
(temperature, pressure, time) that are utilized to fabricate the articles. Results indicate that 
adhesion primers containing maleic anhydride functionality or a combination of MAH and 
chlorine functionality with other functional additives are effective for bonding polar materials 
to polyolefins. Such technology can be further applied to resolve the adhesion challenges of 
polyolefin elastomers to polar fabrics, coatings, glues, and inks. 
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Ethylene-based copolymers in infrastructure applications 

CJ DuBois, C.J.DuBois@dow.com, Hayley A. Brown, Cristina Serrat. Packaging & Specialy 
Plastics, The Dow Chemical Company, Lake Jackson, Texas, United States  

Use of polymers to modify asphalt binder, even at a minority of the pavement structure, 
improves longevity and allows for higher traffic without rutting or cracking failures. We discuss 
two topics: the historical development of ethylene-based polymers in this application space 
and how they can successfully compatibilize recycled plastics. 

The polymer chemistries to be reviewed include the most basic structure with polyethylene 
through more complex copolymers incorporating glycidyl side chains. Polyethylene is a poor 
choice as a modifier due to both its non-polar nature and plastomeric properties that are 
incompatible with the asphalt binder and fail to meet required performance properties. 
Copolymers such as more advanced systems, including Reactive Elastomeric Terpolymers, 
RET, have been demonstrated to be highly compatible and offer significant performance 
enhancements, including resistance to rutting and cracking failure modes. 

Asphalt pavement is the most recycled material in the United States. In the last 30 years, 
there have been well over 100 field projects attempting to incorporate waste plastics as 
modifiers. These efforts have met with limited success both emotionally and technically. The 
view of pavements as linear landfills has met stiff resistance from the construction industry. 
As discussed in topic one, polyethylene is incompatible with asphalt, and its plastomeric 
properties do not meet performance standards. RET has been successfully used to 
compatibilize PE-rich recycled materials while meeting key AASHTO M320 and M332 
standards. We will review both lab and field-testing results that have guided the development 
of these hybrid RET/recycled PE systems. These results include asphalt binder and Balanced 
Mix Design (BMD) testing, theoretical pavement structural analysis showing improvements 
over styrenic-based elastomers and multi-year field monitoring results. 

 
Hot mix asphalt containing bitumen with recycled polyethylene compatibilized by a Reactive 
Elastomeric Terpolymer  
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Breaking the norm: Bringing hydralese™ to the table as an alternative excipient in 
long-acting drug delivery 

Jarrod Cohen, jarrod.p.cohen@gmail.com, Dennis Shull, Joshua Mealy, Stephanie Reed. 
Translational Product Development, Secant Group LLC, Telford, Pennsylvania, United States  

Over the past decade, the pharmaceutical industry has introduced bioresorbable long-acting 
drug delivery solutions to overcome known obstacles in medicine including poor patient 
compliance, drug abuse, and accessibility to underprivileged populations. Indications that 
have seen increased benefits from long-acting solutions include ocular therapeutics, HIV pre-
exposure prophylaxis, and contraceptives. Historically, poly(lactic acid) (PLA), poly(lactic-co-
glycolic acid) (PLGA), and poly(caprolactone) (PCL), have dominated the market as the only 
excipients in bioresorbable long-acting implants. As we continue to advance therapeutics, 
these traditional materials have become limited in their potential. Problems such as acidic 
degradation, bulk erosion mechanisms, and thermal processing requirements that alter drug 
forms have become more apparent and highlight the need for new materials. Hydralese™, or 
poly(glycerol sebacate) urethane (PGSU), is an excipient that addresses many of these 
concerns and has shown promise in long-acting drug delivery applications. PGSU is a 
urethane crosslinked, hyperbranched polyol that is cured under ambient conditions. Most 
notably, the polymer is elastomeric, surface-eroding, and capable of achieving drug loadings 
as high as 80 % w/w. This talk will outline the process of characterizing PGSU and API-
loaded formulations for ocular and multipurpose prevention therapies. When designing PGSU 
for drug delivery, many factors need to be considered including polymer properties such as 
degradation and erosion profiles, drug hydrophobicity and analytics, and formulation 
processability. At the same time, we need to understand the chemical and physical 
interactions between the polymer and active pharmaceutical ingredient. This talk will take you 
through polymer synthesis and characterization, model drug product formulation, process 
optimization, and final characterization stages, providing evidence along the way as to why 
others should consider Hydralese™ as a new choice as an excipient. 
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Professor Tim Long: The ACS 2022 Paul Flory Polymer Education Award Winner 

Robert D. Allen, robert.allen@nrel.gov. Polymer Science, National Renewable Energy 
Laboratory, Golden, Colorado, United States  

This paper will serve as a brief introduction to Prof. Tim Long’s symposium in honor of his 
receiving the 2022 Paul Flory Polymer Chemistry Education Award. Tim has effectively 
integrated research leadership with teaching excellence spanning a diverse set of 
communities, from dedication to the undergraduate researcher to training the next generation 
polymer innovators to ACS short courses for life-long learning for the industrial scientist. 
Influencing multidisciplinary education, he has led two polymer science-based institutes: 
Macromolecules Innovation Institute at Virginia Tech and Sustainable Macromolecular 
Materials and Manufacturing at Arizona State University. His exemplary and multifaceted 
approach to polymer science education makes him a worthy recipient of the ACS Paul J. 
Flory Polymer Education Award. 
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Enabling more sustainable pressure sensitive adhesives 

Ann R. Fornof, afornof@vt.edu. 3M Company, Austin, Texas, United States  

Pressure sensitive adhesives are designed to create a bond under applied pressure and 
provide a balance between shear holding ability, tack, and peel adhesion. Crosslinking of 
PSAs can lead to improved shear strength. A variety of chemical and UV crosslinkers have 
been employed in acrylic systems to obtain balanced PSA properties. One frequently 
employed approach has been to use diacrylates, which crosslink acrylic PSAs with free 
radical chemistry. However, a free-radical mechanism is also typically used for the 
polymerization of the PSA, which means that crosslinking and polymerization occur 
simultaneously. 

In order to trigger physical properties on demand orthogonal chemistries are frequently 
utilized. This approach spans application areas from photolithography to biophysics to 
pressure sensitive adhesives. The breadth of chemistries developed for this type of triggered 
reaction or staged reaction is tremendous with many different strategies. 

Hot-melt PSAs are becoming more widely used due to their elimination of solvent and cost 
benefits. However, creating high performance PSAs from hot-melt coated adhesives requires 
a carefully designed, effective crosslinking strategy providing an easily processable adhesive 
with balanced properties. The crosslinking agent precursor should be stable and unreactive 
during hot-melt processing to avoid gelation and/or poor coating. The precursor should also 
effectively crosslink the adhesive once activated after the coating process is completed. This 
talk will address a variety of approaches to enable hot-melt pressure sensitive adhesives. 

 
Triggered adhesion through a photobase generator.  
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Creating a circular economy for polymers in consumer products 

John Layman, layman.j@pg.com, Todd Underiner, Dimitris I. Collias. The Procter and 
Gamble Company, Cincinnati, Ohio, United States  

Consumers increasingly expect and demand sustainable products without trade-offs in 
performance, convenience, and/or cost. Concerned companies, like P&G, have established 
sustainability goals that include the use of large percentages of recycled raw materials in their 
products and packaging. To satisfy consumers’ expectations and achieve companies’ goals, 
P&G has embarked on a multipronged strategy to create and sustain a circular economy for 
polymers. The scope of these efforts is comprehensive and includes polymers used across 
P&G’s entire portfolio of brands and product applications. Delivering a circular economy 
requires redefining what has been historically considered to be “waste” and instead 
reclassifying these materials as valuable raw materials that can transformed into products. 
New technologies and breakthrough innovation will be required solve the challenges that lie 
ahead. Towards this end, we will most certainly depend on the expertise, ingenuity, and 
executional excellence of the entire polymer science community. We must educate and 
empower both current and next generation of polymer scientist and engineers to reinvent our 
polymer economy. This work is being presented in honor of Professor Timothy Long, who has 
been a passionate educator, research leader, and friend to many in the polymer community. 

This talk will provide an overview the circular economy of polymers and touch on the 
research and innovation underway to deliver it. 
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Tailoring the reactivity and rheology of polymer colloids for 3D printing elastomers 
across additive manufacturing platforms 

Philip Scott2,3, philip.j.scott@dupont.com, Viswanath Meenakshisundaram2,3, Daniel Rau2,1, Maruti 
Hegde2,4, Christopher Kasprzak2,3, Christopher Winkler6, Keyton Feller2,1, Jianheng Wen2,7, Mai Nguyen2, 
Christopher B. Williams2,1, Timothy E. Long5,2,3. (1) Department of Mechanical Engineering, 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) Department of 
Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States (4) 
Department of Applied Physical Sciences, University of North Carolina at Chapel Hill College of Arts and 
Sciences, Chapel Hill, North Carolina, United States (5) Biodesign Center for Sustainable Macromolecular 
Material and Manufacturing, Arizona State University, Tempe, Arizona, United States (6) Nanoscale 
Characterization and Fabrication Laboratory (NCFL), Virginia Polytechnic Institute and State University, 
Blacksburg, Virginia, United States (7) School of Molecular Sciences, Arizona State University, Tempe, Arizona, 
United States  

In honor of Prof. Timothy Long’s reception of the Paul J. Flory Award, it’s my privilege to 
share my experiences as a student in the Macromolecules Innovation Institute during his 
directorship and our work during my time as graduate researcher in his group at Virginia 
Tech. 

Elastomers remain an enticing and elusive material class for additive manufacturing platforms 
due to the traditional paradoxes involved in the optimization of their structure-property-
processing relationships. While optimal performance typically originates from high molecular 
weight linear precursors crosslinked at low levels, viscosity limitations in most leading printer 
platforms typically restrict photopolymer molecular weights to oligomeric ranges and below. 
Further, additive manufacturing (AM) platforms such as vat photopolymerization (VP, SLA, 
DLP) and UV-Assisted Direct Ink Writing (UV-DIW) rely on rapid fluid-solid transitions 
induced by light and relatively low shear forces to template fluids into load-bearing shapes, 
which are unamenable to the curing chemistry and rheology developed for traditional 
elastomer manufacturing methods. 

Our work investigates the use of polymer colloids (latex, dispersions, etc.), a polymer 
processing medium prevalent throughout nature and industry, as a uniquely suited candidate 
for multiple AM platforms through the introduction of novel photo-reactivity and colloidal 
rheology tailored to each platform. The resulting printable colloids prove an effective strategy 
to circumvent traditional photopolymer obstacles and combine high elastomeric performance 
with the complex geometries unique to AM fabrication.  
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Applying fundamental science to polymer compounding 

A.J. Pasquale, ajpasquale@insightpolymers.com, Jeremy Lizotte. Insight Polymers & 
Compounding LLC, Kingsport, Tennessee, United States  

Polymer compounding is the process of making a formulation based on mixing polymers and 
additives that yield targeted properties and functionality. In 2018 the authors, who both 
received graduate educations from Professor Timothy Long, launched a specialty polymer 
compounding business focused on polymer compound development and production using 
twin-screw extrusion. The fundamentals of polymer science learned from our time in 
Professor Long's group (chemistry, structure-property relationships, and characterization) 
form the foundation of what we do on a dailly basis to differentiate and grow the business and 
deliver innovative solutions and quality products to our customers. 
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Key learnings beyond technical research to enable delivery of innovative solutions 

Sharlene R. Williams, sharlenewilliams81@gmail.com. Electronics & Industrial, DuPont de 
Nemours Inc, Wilmington, Delaware, United States  

At DuPont, our company’s purpose is to empower the world with the essential innovations to 
thrive. Our innovations are focused on some of the world’s most complex challenges. To 
enable success, one must work collaboratively, applying cutting-edge science and 
engineering to bring extraordinary business impact. But it’s not just the science and 
technology that enables success. It’s also the people, agile strategies for innovation, 
sustainability, digital advancements, and customer co-development that create impact. It’s 
also about portfolio management: the risk management balancing act of targeting high value 
challenges that push the boundaries of the market while continuing to deliver innovative 
solutions that meet customer expectations. In this symposium honoring Tim Long, I’ll share 
my story beyond the science and the lessons he taught that laid the foundation for a non-
laboratory career in science with a focus on portfolio management. 
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Applying polymer fundamentals to material development for next generation devices 

Keren Zhang, zhang.kerenustc@gmail.com, Feyza Dundar Arisoy, Austin Lane, Alejo 
Lifschitz. Facebook Reality Lab, Redmond, Washington, United States  

Instead of having devices that take us away from the people around us, the next computing 
platform will help us be more present with each other and move the device out of the way. 
The desire for faster, lighter, more energy efficient devices presents great opportunities in the 
development of new specialty materials that meet challenging requirements. Understanding 
of structure-property-processing relationships enables quick design and testing cycle of new 
materials. Rapid on demand material innovation is critical for fast iteration of device design 
and fabrication cycles. 

Robust materials for electronic device fabrication must be designed with multiple constraints 
in mind. For example, a typical photoresist polymer for semiconductor manufacturing needs 
to meet photolithographic requirements, have good etch resistance, meet surface energy 
criteria, and integrate well with the whole film stack. Linking these functional performance 
metrics to fundamental polymer structural characteristics and processing parameters are 
essential to meeting application requirements. This talk will highlight how in-depth 
understanding of polymer fundamentals guides the development of novel functional materials 
for next generation electronic devices. This talk is also dedicated to Dr. Tim Long for his 
contribution in spreading the knowledge of polymer fundamentals and empowering his 
students to push the frontier of material innovation. 
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Adaptive polymer glasses based on structural relationships for material toughening 

Joseph M. Dennis, jmden88@gmail.com. Army Research Laboratory Aberdeen Proving 
Ground, Aberdeen Proving Ground, Maryland, United States  

Structural resins have historically found ubiquitous use across various industries as 
0lightweight adhesives. As the automotive, aerospace and electronics industries continue to 
look to increase performance to weight ratios, the need for improved resin designs becomes 
apparent. One main focus here is the improvement of ductility in glassy materials. In 
particular, highly crosslinked networks, such as epoxy-amines, provide an encouraging 
platform for solvent and creep resistance, high strength, and environmental stability, however 
they suffer from brittle-like behavior well below the Tg. Over the last decade, several efforts 
have systematically probed the influence of the ‘static’ network structure on the performance 
of crosslinked glasses. However, responsive, or adaptive, glasses provide a relatively 
unexplored avenue for an on-demand mechanical response. While three response 
mechanisms are outlined to provide a range of mechanical behaviors on demand: (i) shape-
changing functionalities which locally yield or soften the material to stimulate chain mobility; 
(ii) bond forming (or breaking) chemistries which increase (or decrease) the stiffness of the 
material; and (iii) energy absorbing groups which convert the incoming stimuli into a spatially 
controlled heating and result in a designed softening of the material, many challenges still 
remain in achieving controlled responses deep in the glassy state. 
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Educating the next generation workforce with structure-property-processing-
performance (sp3) relationships 

Timothy E. Long, telong@asu.edu. Biodesign Institute, Arizona State University, Tempe, 
Arizona, United States  

Scholars estimate that over 7,000 languages are spoken across the world today, and in the 
words of Nelson Mandela, "If you talk to a man in a language he understands, that goes to 
his head. If you talk to him in his language, that goes to his heart." The languages of science 
and engineering are equally diverse, but at the heart of many discoveries, we find a 
researcher who masters a multilingual vocabulary, fluent in their native scientific language yet 
also conversational with other disciplines. A mechanical engineer may define a fiber 
manufacturing process as stochastic while the synthetic chemist describes the randomness 
of the same nonwoven fabric. Speaking multiple scientific languages will facilitate innovation 
and catalyze our search for rapidly emerging interactions of science and engineering. This 
lecture will highlight an evolution of structure-property-processing relationships that guide 
both research discovery and interdisciplinary education of our next generation workforce. 
Moreover, this lecture will be a celebration of a teamed approach to discovery with a vibrant 
thread of fundamental science and engineering that connects many amazing graduate 
students from the Long research group. Our students are now challenged to sustain their 
passion for the science of sustainability due to many factors, including variable economics, 
uncertainty in energy calculations, diversity in civil infrastructure, regionally inspired 
sustainable feed stocks, and the often missing yet essential industry-university partnership. 
“Benign by design” remains a critical perspective for our future material sustainability leaders. 

 
An interdisciplinary approach to education in sustainable macromolecular materials and manufacturing  
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Science from the laboratory to the Marketplace 

Audrey Sherman, aasherman@mmm.com. MSD, 3M Company, Saint Paul, Minnesota, 
United States  

This talk will present showcase reasons to being broad based in multiple disciplines ranging 
from chemical synthesis and engineering processing to even art/creativity- as it relates to the 
industrial application of these skill sets to create new to the world ideas, concepts, and 
products. As a graduate of Augsburg College with a degree in both sciences and arts, I will 
convey real life situations where differing aspects of polymer science were used and were 
then combined with the communication and creativity skills from other scientific disciplines 
and skill sets. I plan to demonstrate how these kinds of wide-ranging fields can come 
together in industry and can result in real life materials and products for people to enjoy. A 
few examples will be the creation of a pure Silicone Diamino Precursor, as well as a product 
example of where this unique Raw material was deployed for the customer. Going from the 
Gram scale to the Ton scale. Then I will jump into a unique Chemical Crosslinking solution 
that has a wide application for both solvent based and 100% solids based processing. 
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Convergent, translational research to improve human health 

Joseph M. DeSimone, jmdesimone@stanford.edu. Stanford University, Stanford, California, 
United States  

This lecture will describe polymer-based nano- / micro-fabrication and 3D printing 
technologies that we have invented and employed to advance human health innovations. In 
2004 we invented Particle Replication in Non-wetting Templates (PRINT), an imprint 
lithography-based nano- and micro-particle fabrication process affording precise and 
independent control over particle parameters (e.g. size, shape, composition, charge). PRINT 
led to the launch of Liquidia Technologies (NASDAQ: LQDA) and opened new research 
paths, including to elucidate the influence of specific particle parameters in biological 
systems, and to reveal insights to inform the design of vaccines and targeted therapeutics. In 
2015, we reported the invention of Continuous Liquid Interface Production (CLIP), which 
overcame major limitations in polymer 3D printing—slowness, a very limited range of 
materials, and an inability to create parts with the mechanical and thermal properties needed 
for widespread, durable utility. CLIP is now transforming how products are manufactured in 
numerous industries. In medicine, for example, to help address shortages, CLIP enabled a 
new nasopharyngeal swab for COVID-19 testing to go from concept to market in just 20 days, 
followed by a 400-patient clinical trial at Stanford. Vast opportunities also exist to pursue 
next-generation medical devices and prostheses. Using CLIP, our current pursuits include 
software treatment planning for digital therapeutic devices in pediatric medicine, as well as 
single-digit micron resolution printing to advance microneedle designs as a potent vaccine 
delivery platform. Our impact on human health relies on our ability to enable a convergent 
research program to take shape that allows for new connections to be made among 
traditionally disparate disciplines and concepts, and to maintain a consistent focus on the 
translational potential of our advances. 
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Celsion’s approach to translating its research into the market 

Jeff Sparks, Khursheed Anwer, kanwer@celsion.com. Celsion Corp, Lawrenceville, New 
Jersey, United States  

Celsion is a publicly-held immuno-oncology company with technology assets in 
immunotherapy and vaccines. Celsion’s approach to translating its research into the market 
can be divided into at least three stages: demonstrate the proof-of-concept of an 
investigational product in an appropriate animal model, transition the product into early 
human clinical trials, and continuing through late-stage development leading up to a pivotal 
registrational study. Depending upon the product and the collaborative environment the late-
stage development and FDA filing for market approval could be achieved with a partner. 
Since Celsion does not have sales and marketing capabilities it relies on a partner for post-
approval marketing campaign and distribution. 

To ensure sufficient product availability for the market Celsion’s model is to establish a 
reliable and redundant supply chain to fully characterize the manufacturing process and 
product specification during clinical development. 

Due to the novelty of its therapeutic approaches and the fact that it targets diseases of unmet 
clinical need, Celsion anticipates sufficient outside interest in partnering in the late-stage 
development of its drug portfolio. 
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Entrepreneurial polymer chemistry 

Craig J. Hawker, hawker@mrl.ucsb.edu. Chemistry and Materials, UC Santa Barbara, Santa 
Barbara, California, United States  

Key lessons in successfully navigating the transition from benchtop research to a 
commercially successful product will be illustrated through recent success stories in polymer-
based pharmaceuticals and personal care products. The important of developing a broad 
patent portfolio, high-throughput research and the power of the internet for by-passing 
traditional competitive roadblocks to market penetration will be highlighted. 
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Simplifying ATRP toolbox for preparation of new materials 

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

Atom transfer radical polymerization (ATRP) is a versatile controlled radical polymerization 
procedure employed to prepare block, gradient, graft, star, brush and branched functional 
copolymers applied as various new advanced functional nanostructured materials Some 
examples of commercial applications of ATRP in chemical companies will be presented. 

  



~ 299 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Depolymerizable polyaldehydes: Challenges in commercializing metastable materials 

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

Polyaldehydes have great potential as sustainable plastics that can be chemically recycled 
back to their high-value monomers, a capability made possible through their favorable 
polymerization thermodynamics. Although this class of materials was studied in the 1960s-
70s, commercial applications were not found due to their instability at room temperature and 
tendency to depolymerize. The means to room temperature stability has recently been found 
and current research has been focused on taking advantage of their ability to rapidly 
depolymerize. The focus of the commercialization efforts has been on semiconductor 
manufacturing processes and bulk plastic recycling. The commercial interest in these 
research efforts has led to the formation of a startup company, Polymer Solutions Inc. 
Polymer Solutions currently holds exclusive licenses on a family of patents and patent 
applications covering materials, their manufacturing, and use. This talk will discuss the 
science behind Polymer Solutions’ technology and discuss some of the challenges faced in 
advancing this technology from fundamental research through company formation, customer 
discovery, and exploring potential markets. 
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Anti-adhesive bioresorbable elastomer-coated composite hernia mesh that reduce 
intraperitoneal adhesions 

Shantanu P. Nikam1, Jessica Marks1, Matthew Becker1,2, matthew.l.becker@duke.edu. (1) 
Chemistry, Duke University, Durham, North Carolina, United States (2) MEMS, Duke 
University, Durham, North Carolina, United States  

Intraperitoneal adhesions are a major complication arising from abdominal repair surgeries 
including hernia repair procedures. To prevent intraperitoneal adhesions an anti-adhesive 
mesh barrier should supress protein fouling and fibrosis, have mechanical properties that 
mimic the abdominal wall, and degrade after tissue incorporation. Herein, we report the 
fabrication of a composite mesh using a macroporous monofilament polypropylene mesh and 
a degradable elastomer coating designed to meet the requirements of this clinical application. 
The degradable elastomer was synthesized using an organo-base catalyzed thiol-yne 
addition strategy that affords independent control of degradation rate and mechanical 
properties. Stoichiometric control of a succinate-based dithiol incorporation into the elastomer 
determines the degradation timeline in vivo. The elastomeric barrier was further enhanced by 
the covalent tethering of antifouling zwitterionic molecules to it. Mechanical testing 
demonstrated the elastomer-coating on the polypropylene mesh does not exhibit micro-
fractures, cracks or mechanical delamination under cyclic fatigue testing of peak abdominal 
loads (50 N/cm). Quartz crystal microbalance measurements showed zwitterionic 
functionalized elastomer exhibited reduced fibrinogen adsorption by 73% in vitro when 
compared to unfunctionalized control. We evaluated the composite mesh in a rabbit 
abdominal hernia adhesion model over 3 months, where the zwitterionic composite mesh 
was successful in preventing adhesions in this robust pre-clinical model. The resulting 
composite mesh will reduce complications related to abdominal repair through dampened 
fouling, reduced inflammation, and appropriate degradation rate. 
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Commercialization of academic research 

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

This lecture will focus on the authors efforts to translate academic research to industry 
through industrial collaborations and start-ups. 
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Polymers in additive manufacturing: from high-performance polymers to 4D printing 

Rigoberto C. Advincula1,2,3, rca41@case.edu. (1) Chemical and Biomolecular Engineering, 
The University of Tennessee Knoxville Tickle College of Engineering, Knoxville, Tennessee, 
United States (2) CNMS, Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States (3) Macromolecular Science and Engineering, Case Western Reserve University, 
Cleveland, Ohio, United States  

Additive manufacturing or more popularly known as 3D printing can be used to create 
prototypes and devices from polymeric materials which appends the design functionality for 
new materials including uses in construction enabling their rapid development. Advances 
have been made on scale-up in production and distributed manufacturing. While 3D printed 
polymers can be further classified into thermoplastics, thermosets, and elastomers – new 
opportunities for multi-materials and nanocomposites are possible. The processability and 
functionality of thermosets and elastomers make it a challenge to employ using most 3D 
printing methods for thermoplastic additive manufacturing. 4D printing allows the design of 
new materials and applications based on integrating the chemistry of conversion with the 
printing mode and final stimuli-responsive property on the printed part. The group has 
demonstrated the importance of optimization in high-performance polymer materials. In 4D 
fabrication, multi-materials including thermosets and thermoset elastomers with concept 
objects and shape-memory properties have been demonstrated. This is primarily based on 
the use of extruded viscous solutions printed via viscous extrusion printing (VEP) or viscous 
solution printing (VSP) and then converted to actuating materials. Other works based on the 
use of SLA, SLS, FDM, towards high-strength epoxy, silicones, and nanocomposite materials 
have also been demonstrated. 
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Solving the global plastic crisis: translation of polymer research to real world 
solutions 

Ashlee Jahnke1, ashlee.jahnke@chem.tamu.edu, Karen L. Wooley1, Guorong Sun1, Senthil 
Boopathi1, Steve Taylor2. (1) Texas A&M University, College Station, Texas, United States 
(2) Teysha Technologies, London, United Kingdom  

Despite their enormous utility and convenience, our love of single use plastic products has 
resulted in a massive accumulation of plastic waste in the natural environment. An estimated 
10 million tons of the approximately 380 million tons of plastic produced annually is leaking 
into our oceans each year, and unless drastic steps are taken, it is predicted that plastic 
waste will outweigh fish in the ocean by 2050. Campaigns and regulations to reduce waste 
generation are important and ever increasing, but changing human behavior is a difficult and 
slow endeavor. Sustainably-sourced degradable bioplastics can offer a promising contribution 
to solving the global plastic crisis. My research in the Wooley laboratory at Texas A&M 
focuses on developing inexpensive, green, and efficient synthetic techniques to transform 
agricultural waste and other renewable resources into suitable monomers for the 
manufacture of polymers that will degrade after the end of their useful lifetime. Upon 
degradation, these bioplastics will regenerate natural monomer building blocks, which are 
designed to be benign and even beneficial to natural environments in which they may be 
discarded. This fundamental research and the further development of this technology in our 
academic laboratory is important, but for the full benefits of these innovations to be realized, 
translation into practical industrial application is required. In order to bring our AggiePolTM 
technology to market, two startup ventures, Sugar Plastics, LLC and Teysha Technologies, 
LTD, have been formed. Teysha currently holds exclusive licenses on two patents covering 
our bioplastic platform capable of producing materials suitable for a wide range of 
applications, and is actively engaged in sponsored research at Texas A&M. This synergistic 
approach, combining the strengths of world class academic researchers and a talented and 
experienced business team has allowed for the rapid advancement of the platform 
technology to meet the needs of various potential commercial partners. 
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Nurturing the academic-industrial partnership: Maintaining leadership in engineering 
polymers for harsh environments 

Timothy E. Long1, telong@asu.edu, Clay B. Arrington2, Josh Wolfgang3, Johanna 
Vandenbrande1, Christopher B. Williams5, Viswanath Meenakshisundaram6, Roy Odle4. (1) 
Biodesign Institute, Arizona State University, Tempe, Arizona, United States (3) Chemistry, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States (4) 
Polymers, SABIC Americas Inc, Houston, Texas, United States (5) Mechanical Engineering, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States  

High performance engineering polymers continue to play a vital role in emerging 
technologies, especially for materials that must withstand harsh environments (radiation, 
flame, chemical, and thermal). The Long research group has maintained vibrant working 
relationships with diverse engineering polymer companies to develop next generation 
materials and establish guiding structure-property-processing relationships for future 
discovery. These efforts led to joint intellectual property arrangements and opportunities to 
translate university compositions for larger scale production. This lecture will focus on 
discoveries of next generation poly(arylene ether sulfones) and polyimides to enable 
advanced performance. For example, the design of linear high performance polyetherimides 
comprising 3,3’- and 4,4’-bisphenol-A dianhydride (bis-DA) and m-phenylene diamine (mPD) 
provided an opportunity to elucidate the influence of dianhydride regiochemistry on 
thermomechanical and rheological properties. Step-growth polymerization enabled the 
production of high molecular weight PEIs for subsequent thermal and mechanical analysis. 
Monofunctional phthalic anhydride as an end capper and monomeric stoichiometric 
imbalances enabled predictable number-average molecular weights ranging from 3,600 – 
35,400 g mol-1, as confirmed with size exclusion chromatography coupled with light scattering 
detection for absolute molecular weight determination. Moreover, melt rheological analysis 
revealed a two-fold increase in Me for 3,3’-PEI, which pointed to the origin of the differences 
in mechanical and rheological properties as a function of PEI backbone geometry. An 
industrial feasible polymeric salt approach to the design of photoreactive polyimide 
precursors now allows facile design of polyimides for additive manufacturing. 

 
A collaborative academic-industrial relationship is vital to translate novel polymer chemistry to the 
manufacturing scale for broader impact 
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Cure-on demand polymeric materials for art and repair based using frontal 
polymerization. 

John A. Pojman, john@pojman.com. Chemistry, Louisiana State University, Baton Rouge, 
Louisiana, United States  

Frontal polymerization is a process in which a localized reaction propagates through the 
coupling of thermal transport and the Arrhenius kinetics of an exothermic polymerization. 
Frontal polymerization allows one-pot formulations with long shelf lives but rapid curing when 
the front is started. We demonstrate that frontal polymerization can be used to create a cure-
on-demand putty for filling holes in wood, marble, and sheet rock. The putty has a months-to-
years shelf life, is a one-pot formulation, can be applied leisurely and then cured rapidly with 
a flat heat source. Finally, we will examine how “QuickCure Clay” is now available word wide 
for the arts and crafts market. 

 
A nonplanar front propagating in a cylinder of QuickCure Clay. Parallel bands can be seen in the cured 
section. 
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Toward reducing biofilm formation on silicone medical devices. 

Kenneth J. Wynne1,2, kjwynne@vcu.edu, Olga Zolotarskaya1, Kennard Brunson1, Chenyu 
Wang1, Rebecca Jarrell1, Youssef Amin1. (1) WynnVision LLC, Richmond, Virginia, United 
States (2) Chemical and Life Science Engineering, Virginia Commonwealth University, 
Richmond, Virginia, United States  

World-wide, the estimated incidence of ventilator associated pneumonia (VAP) in ICUs is 
45% and mortality is 43%. Nearly 50% of patients with COVID-19 develop VAP during an ICU 
stay. Insertion of an endotracheal tube (ETT) into the esophagus accompanies ventilation 
that provides life-saving extracorporeal membrane oxygenation. However, the ETT affords a 
direct path to the lungs for endogenous microorganisms from multiple sources. The goal of 
WynnVision research and development is reducing mortality due to VAP. The approach for 
reducing VAP is ETT surface modification that reduces biofilm formation and intercepts 
delivery of pathogenic organisms to the lungs. Feasibility for this approach has been 
validated with model biomedical silicone substrates and designated Win-GardTM. Biofilm 
reduction has been demonstrated in vitro against major clinical pathogens associated with 
VAP including Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella 
pneumoniae as well as Candida albicans. The desired biofilm reduction is realized without 
detectable leaching of toxic moieties and is effective against repeated pathogen challenges. 

Acknowledgement: Support from NIH grant NHLBI 4R44HL142391. 

 
Figure 1. A. The pathway for VAP following intubation and B. The interception of exogenous 
pathogens after Win-GardTM surface modification.  
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Polymerization behavior of cyclic xanthates in radical ring-opening polymerization 

Liam A. Ordner, laordner@gatech.edu, Ronald A. Smith, Will Gutekunst. Chemistry & 
Biochemistry, Georgia Institute of Technology College of Sciences, Atlanta, Georgia, United 
States  

Radical ring-opening polymerization (rROP) can be used to introduce labile ester groups into 
the backbone of otherwise rigid radical polymers, improving their chemical responsivity and 
degradability. However, this technique has been characterized as having poor reactivity with 
more activated monomer species like acrylates and styrene. In recent reports, thionolactone 
platforms have been introduced to overcome common issues seen with typical rRO 
monomers and facilitate targeted degradation. While a 7-membered thionolactone has been 
successful for copolymerization of acrylates, new monomers must be synthesized and 
studied to achieve different incorporation profiles with acrylamide monomers, facilitate 
reactivity with styrene, and advance mechanistic understanding of this new monomer family. 
To further this aim, a new 6-membered cyclic xanthate (6RCX) monomer has been identified 
that copolymerizes relatively evenly with acrylamide-based monomers. Further investigations 
have also revealed topochemical polymerizations in the solid-state that leads to regioregular 
homopolymers with high molecular weights. Both the co- and homopolymerizations of the 
6RCX will be discussed in this presentation, along the development of analogs to improve 
long-term stability in the solid-state. 
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Removing photoredox catalysts from polymers synthesized by organocatalyzed atom 
transfer radical polymerization 

Katherine A. Chism, kchism@colostate.edu, Daniel Corbin, Bonnie Buss, Nicholas A. 
Swisher, Garret Miyake. Colorado State University, Fort Collins, Colorado, United States  

Organocatalyzed atom transfer radical polymerization (O-ATRP) is a method for synthesizing 
well-defined polymers under mild conditions using organic photocatalysts (PCs). In O-ATRP, 
the PC is photoexcited by light, generating an excited state PC that is responsible for 
activating an alkyl halide and beginning polymer propagation. The PC radical cation that 
forms during this process is then responsible for deactivation of the polymer, which limits 
undesirable side reactions known as termination. 
Although PCs in O-ATRP are typically present in low concentrations, they still add undesired 
color to the product polymers and may have negative health effects since their toxicity is 
often unknown. Currently, precipitation of the polymers is the most common purification 
method employed to address these concerns, but a more efficient and effective purification 
method is needed. To address this issue[DC1] , a range of purification methods were tested 
for their effectiveness in removing PCs and their impact on the polymer. Polymers were 
evaluated before and after purification to understand if molecular weight, dispersity, or chain-
end groups changed as a result of purification. The most effective purification method was 
then tested on a variety of O-ATRP PCs to determine the scope of PCs with which this 
method can be used. 
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Recycling Isocyanurates via Dynamic Covalent Bonding 

André Lagron1, alagron@calpoly.edu, Kathryn Lee1, Kyle Hoff1,2, Ethan Nogle1, Leslie 
Hamachi1. (1) Chemistry and Biochemistry, California Polytechnic State University, San Luis 
Obispo, California, United States (2) Materials Engineering, California Polytechnic State 
University, San Luis Obispo, California, United States  

Isocyanurates are commonly used in the polymer industry because their high degree of 
crosslinking gives rise to superior mechanical properties. Due to their high degree of stability, 
isocyanurate bonds are not recyclable by any current industrial recycling methods. Dynamic 
covalent bonding has been used successfully to promote recyclability in similar polymer 
systems, including polyurethanes. We hypothesized that isocyanurates may be recycled 
using similar methods without sacrificing their mechanical properties. Isocyanurate dynamic 
bonding was investigated using small-molecule organic compounds, which allowed the 
reaction to be monitored via gas chromatography/mass spectrometry. Recycling industrial 
isocyanurate waste into new consumer products would reduce their environmental impact. 

 

 
 

Dynamic covalent bonding in polymer networks. 
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Sustainable foam engineering for crosslinked polyethylene (XLPE) recycling 

Mohammed Bawareth, mbawaret@asu.edu, Nathan Fonseca, Kenan Song. Engineering, 
Arizona State University, Tempe, Arizona, United States  

Crosslinked polyethylene (XLPE) has high water absorption resistance and thermal 
resistance due to the closed-cell structure. In addition, it shows good buoyancy 
characteristics due to its low density. These features make the material attractive to many 
industries and applications, such as a submarine power cable. However, XLPE is a 
thermoset polymer that reaches its degradation point readily without the melt phase, leading 
to carbon dioxide (CO2) emissions. For example, 540 tons of XLPE wastes per year end up 
on landfill sites from electrical cables in Arizona state. Therefore, this research aims to 
investigate sustainable manufacturing and possible physical and chemical methods to recycle 
XLPE. One protocol disperses XLPE into a few polymer matrices (e.g., rigid polyurethane 
foam (RPU) or PE foam) after several processing steps from the XLPE chunks. The 
investigation includes testing and analyzing thermal, mechanical, and structural 
characterization to design sustainable methods for upcycling XLPE and use this as a 
demonstration for recycling general thermoset materials. 
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Manipulation of molecular topology and composition using Diels-Alder chemistry 

Margaret Kumler1, maggiekumler@gmail.com, Nicole Skinner1, Marianne S. Meyersohn1, 
Tyler Colt1, Marvin Valverde2, Cameron Powell1, Philip J. Costanzo1. (1) Chemistry, California 
Polytechnic State University, San Luis Obispo, California, United States (2) Chemistry, 
University of Houston, Houston, Texas, United States  

Thermally-responsive materials have been prepared in a multitude of ways for a wide variety 
of applications. One aspect not previously exploited is the ability to induce changes in 
polymer architecture to induce changes in polymer solubility. Diels-Alder (DA) chemistry and 
light-activated ATRP was utilized to incorporate DA linkages at various locations within the 
polymer backbone and side chain. Upon the application of a thermal stimulus, polymer 
topology was altered as measured by changes in solution-state structures.[figure1] 
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Star-to-bottlebrush transitional behavior of model graft polymers in fast extensional 
flows 

Helena All, all00002@umn.edu, Aristotelis Zografos, Marc A. Hillmyer, Frank S. Bates. 
University of Minnesota College of Science and Engineering, Minneapolis, Minnesota, United 
States  

Polylactide (PLA) is a bio-derived and industrially compostable polymer, and is one of the 
most commonly used sustainable plastics in industry. One of the limitations on expanding the 
commercial use of neat PLA is its poor melt strength (i.e., extensional viscosity), which 
makes it difficult to use in processing methods that require uniaxial extension, such as 
foaming and film blowing. In the work reported here, we tuned the melt strain hardening of 
Spring 2022, ACS National Meeting - POLY Graphical Abstract(+/- lactide) using the 
backbone degree of polymerization (Nbb) in a graft architecture to improve its melt strength. 
To accomplish this, we synthesized graft-poly(D,L-lactide) samples of differing Nbb using a 
graft-through ring-opening metathesis polymerization. The samples were tested on an ARES-
G2 rheometer with an extensional viscosity fixture. The data indicates a critical value of the 
backbone degree of polymerization above which a graft polymer will begin to melt strain 
harden. We attribute this to a star-to-bottlebrush transition, in which the behavior of the graft 
polymer changes from star-like at small values of Nbb to bottlebrush-like as Nbb increases. 
This work provides important information regarding the design of graft polymers, which 
should be considered when using this architecture to improve the processability of 
sustainable plastics, like PLA. 
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PVDF rheology and crystallization modification with PMMA and POSS additives 

Jacob Cross1, jacob.cross@usm.edu, Rahul Shankar1, Toby R. Edwards1, Scott T. Iacono2, 
Travis L. Thornell3, Sarah E. Morgan1. (1) Polymer Science and Engineering, University of 
Southern Mississippi, Hattiesburg, Mississippi, United States (2) Department of Chemistry, 
US Air Force Academy, USAF Academy, Colorado, United States (3) US Army Engineer 
Research and Development Center, Vicksburg, Mississippi, United States  

Polyvinylidene fluoride (PVDF) is a thermoplastic polymer that is well known for its 
piezoelectric and pyroelectric properties, and its applications include smart sensing, 
actuation, and energy harvesting. The piezoelectric response of PVDF is influenced by the 
amount of all-trans β-crystalline polymorph. PVDF blends with polymethylmethacrylate 
(PMMA) have shown increased overall crystallinity as well as higher β-phase content. 
Polyhedral oligomeric silsesquioxane (POSS) has also been shown to increase crystallinity in 
semi-crystalline polymers and to improve processability through viscosity modification. This 
study explores the effects of PMMA-POSS copolymers and POSS additives on α-phase and 
β-phase crystallinity and rheological response in PVDF polymer blends using melt rheology, 
DMA, DSC, and surface analysis. 

 

 
 
  



~ 314 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Investigating the antimicrobial properties of activated carbon and the effect of polymer 
hydrogels through the utilization of bacterial, viral, and parasitic microorganisms 

Zoe Gunter1, zoe.gunter@usm.edu, Chloe Klusman1, Zoe Fish2,1, Caitlyne Shirley1, Monica 
Tisack1, Heather Broadhead1. (1) School of Polymer Science and Engineering, University of 
Southern Mississippi, Hattiesburg, Mississippi, United States (2) Villanova University, 
Villanova, Pennsylvania, United States  

Activated carbon (AC) has long been utilized in biomedical applications due to its innate 
antimicrobial characteristics. However, little is understood about the mechanism of action that 
allows AC to prohibit the propagation of different pathogen species. To further ascertain 
these characteristics and how they affect the propagation of pathogens, procedures were 
designed with bacterial, viral, and parasitic agents which were utilized in conjunction with 
hydrogels to examine the efficacy of AC. The developed procedures analyzed AC’s ability to 
limit or prohibit the propagation of pathogens both with and without the presence of hydrogels 
through qualitative and quantitative measurements. These studies were conducted employing 
coconut-based AC and Polycarbophil or Carbopol 974P hydrogels which, when introduced to 
bacterial, viral, and parasitic agents, limited their activity. Experiments evaluated a series of 
bacterial dilutions with E. coli and S. aureus, bacteriophage (viral) dilutions with T1 and Φ11 
bacteriophages, and Euglena Gracilis (parasite) dilutions using the AC and hydrogels listed 
above. Results were compared and examined through graphical analysis. When treated with 
AC, it was observed that all studied pathogens had a significant reduction of activity and 
propagation overall and that the presence of the hydrogel did not impede the antimicrobial 
characteristics of AC at certain concentrations. However, until the surface chemistry, porosity, 
and electrostatic interaction of the AC are determined, it can only be assumed that it interacts 
with the pathogens through adsorption. 
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Polymer-nanoparticle hydrogels for prolonged release of GLP-1 biopharmaceuticals to 
improve diabetes treatment 

Katie Lu1, katielu@stanford.edu, Andrea I. dAquino2, Caitlin Maikawa2, Leslee Nguyen2, Ian 
Hall3, Eric A. Appel2. (1) Biochemistry and Biophysics, Stanford University, Stanford, 
California, United States (2) Materials Science and Engineering, Stanford University, 
Stanford, California, United States (3) Bioengineering, Stanford University, Stanford, 
California, United States  

Globally, there are over 420 million people living with diabetes, who suffer from impaired 
regulation of hepatic glucose production, which eventually leads to β-cell failure. Current 
insulin treatments are highly burdensome, resulting in poor patient compliance, and can 
sometimes cause dangerous hypoglycemic events. In contrast, treatment strategies based on 
glucagon-like peptide-1 (GLP-1), an incretin hormone secreted from the intestinal L-cells, 
reduce the risk of hypoglycemia by stimulating insulin and decreasing glucagon secretion in a 
glucose-dependent manner. Unfortunately, current GLP-1 receptor agonists (GLP-1 RAs) 
must be administered either daily (Liraglutide) or weekly (Semaglutide), which results in 
significant patient burden and reduced patient compliance. For this purpose, we have 
developed a novel injectable hydrogel technology that forms through dynamic, 
supramolecular interactions between biodegradable nanoparticles and modified 
hydroxypropyl methylcellulose (HPMC) polymers. Our work aims to use this injectable depot 
technology as the foundation of a long-acting GLP-1 RA drug product providing 4-months of 
therapy per administration. Here, we exploit fatty acid moieties on Semaglutide to non-
covalently embed the molecules within the hydrogel network during fabrication. We 
demonstrate the ability of hydrogel-based depot delivery to prolong the pharmacokinetics of 
Semaglutide in rat models and compare efficacy against repeated bolus dosing. We also 
evaluate the effect of network density, hydrophobicity of modifications to HPMC, and 
hydrophobic surface area of nanoparticles on cargo diffusivity and release kinetics, showing 
that they are highly tunable to accommodate the properties of the payload and the desired 
timing of its release. Overall, we anticipate this work will catalyze the development of a GLP-1 
RA depot drug product for the management of diabetes by dramatically reducing the 
frequency of therapeutic interventions, significantly increasing patient quality of life and 
affording thus far unrealized therapeutic impact. 
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Resorbable and 3D Printable PEG-Poly(propylene fumarate) Triblock Hydrogels 

Anna Davis1, anna.davis@duke.edu, Taylor Yeazel2, Matthew Becker1. (1) Chemistry, Duke 
University, Durham, North Carolina, United States (2) Mechanical Engineering and Materials 
Science, Duke University, Durham, North Carolina, United States  

PEG-based hydrogels are used widely in exploratory tissue engineering applications but in 
general lack chemical and structural diversity. Additive manufacturing offers pathways to 
otherwise unattainable scaffold morphologies but has been applied sparingly to cross-linked 
hydrogels since typical photocrosslinking results in the generation of non-degradable and 
non-resorbable networks. In this presentation, we will describe the use of PEG−diol to initiate 
the ring-opening copolymerization (ROCOP) of maleic anhydride and propylene oxide to yield 
well-defined ABA triblock copolymers with different molecular mass, PEG macroinitiators, and 
block length ratios. Using continuous digital light processing (cDLP), hydrogels were 
photochemically printed from an aqueous solution using degradable thiol crosslinkers at 
varying cross-linking densities which resulted in a 10-fold increase in elongation at break 
compared to traditional diethyl fumarate (DEF) based printing. Furthermore, PEG-
Poly(propylene fumarate) triblock hydrogels were also found to be biocompatible and fully 
degradable in vitro across a number of cells. 
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Synthesis of glycopolymers and evaluation of their antibacterial properties 

Javier Ortiz Alvarado1, javirtz2000@gmail.com, Brady Hall2, Ophelia Wadsworth1, Michael 
D. Schulz1. (1) Chemistry, Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia, United States (2) Virginia Polytechnic Institute and State University, Blacksburg, 
Virginia, United States  

Antibiotic resistance is a prevailing problem in the fight against pathogenic bacterial 
infections. New treatment methods are needed to combat worldwide morbidity, but the search 
for novel antibacterial drug candidates is a persistent challenge. Glycomaterials have 
potential in this application since many pathogens adhere to glycans present on cell surfaces 
to initiate infection. Additionally, antibiotic polymers have demonstrated less susceptibility to 
bacterial resistance, broad-spectrum antibacterial activity, and enhanced biocompatibility 
when compared to traditional small-molecule antibiotics. We have synthesized a series of 
glycopolymers with four pendant monosaccharides (galactose, glucose, N-acetyl-glucose, 
and mannose) via ring-opening metathesis polymerization (ROMP) and evaluated their 
antibacterial activity. Minimum inhibitory concentration (MIC) assays revealed that the 
mannose-functionalized glycopolymers had the highest antibacterial activity against 
Escherichia coli, with a MIC value of 1.25 mg L-1. Additionally, higher molecular weight 
polymers had improved antibacterial activity, possibly due to the cluster glycoside effect. 
These results suggest that certain glycomaterials have inherent antibacterial properties, 
which might be exploited to produce novel polymer antibiotics. 

 

 
  



~ 318 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Quantification of a nitric oxide releasing wound healing patch 

Lauren Mussig, lmussig@heidelberg.edu, Kayla Buck, Nathaniel Beres. Heidelberg 
University, Tiffin, Ohio, United States  

Nitric oxide (NO) is a vasodilator and can be used to increase blood flow to an area in need 
of tissue repair. Through the process of electrospinning, a patch was created to release NO 
which is composed of four layers. The patch consists of a layer of 9% (w/w) 
Tecophilic®(TP)/cellulose/ascorbic acid, two layers of TP/super absorbent polymer, and a 
layer of TP/Dowex-NO2. Based upon previous studies, the release of nitric oxide was found 
to be inconsistent. In collaboration with a neighboring university, a NOx analyzer was used to 
effectively quantify the patch. Based on the analysis, the most effective location of release 
was found to be the central quadrant of the patch. The amount of NO released decreased as 
the sample distance from the center increased. The use of additives to the patch was 
explored but produced mixed results. 

 
 

Set up for the electrospinning to occur in order to create the wound healing patch 

  



~ 319 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Investigating the antimicrobial properties of activated carbon against bacteria, viruses, 
and parasites in polymeric hydrogels 

Zoe Fish1, fishzoea@gmail.com, Chloe Klusman2, Zoe Gunter2, Caitlyne Shirley2, Monica 
Tisack2, Heather Broadhead2. (1) Chemistry, Villanova University, Villanova, Pennsylvania, 
United States (2) Polymer Science and Engineering, University of Southern Mississippi, 
Hattiesburg, Mississippi, United States  

Polyelectrolyte crosspolymers are a type of polymeric hydrogels widely utilized in personal 
care products. While they possess the ideal properties of suspension, shear thinning 
rheology and biocompatibility, they are not antimicrobial and are often susceptible to fouling. 
It has been demonstrated, however, that activated carbon (AC) is effective in preventing the 
growth and/or mobility of various pathogens. These studies explore the effect of incorporating 
coconut-based AC into different polymeric hydrogels on its antimicrobial mechanism of 
action, which would increase the longevity of personal care products. Initially, Carbopol® and 
Noveon Polycarbophil® hydrogels were synthesized at concentrations ranging from 0.1 to 
0.5% w/v and neutralized to a pH of 4.5 or 6.5. Then, bacterial, parasitic, and viral tests were 
performed to compare AC’s antimicrobial capability within the hydrogels to previous studies in 
solution. Bacterial tests with AC against E. coli and S. aureus showed a decrease in activity 
in solution, however, when AC was incorporated into the hydrogels there was no observed 
effect. In parasitic testing, AC limited mobility of Euglena gracilis in solution, however, within 
the hydrogel network, no change in mobility was observed. Previous work has shown that AC 
inhibits viral activity, however, due to time constraints and difficulty in identifying appropriate 
testing methods, viral testing was not performed with hydrogels in these studies. These tests 
are preliminary and need to be modified in the future to determine if hydrogels are a feasible 
delivery system for AC. 
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"Invisible" digital light processing 3D printing with near-infrared light 

Clotilde Tagnon, clotildetagnon@gmail.com, Lynn M. Stevens, Zachariah A. Page. 
Chemistry, The University of Texas at Austin College of Natural Sciences, Austin, Texas, 
United States  

Traditionally, parts are fabricated using subtractive manufacturing, which is limited and 
wasteful. Additive manufacturing not only improved the general fabrication and engineering 
process but allowed for applications in a variety of fields: from materials, to chemistry, to 
biology. Light-induced photopolymerization, which uses light to solidify liquid resins into a 3D 
shape, is a widely used printing technique. Although favored for its unmatched speed, high 
resolution, and low cost, photopolymerization is under constant improvement to achieve 
milder operating conditions, higher resolution, faster printing times, and improved functional 
group tolerance. Difficulty lies in the fact that when energy of the light is lowered to achieve 
milder conditions, many molecules are no longer excited by that light, and thus no longer 3D 
print. This issue was addressed in previous work by synthesizing photocatalysts capable of 
printing from visible to far-red light using 3D digital light processing (DLP) printing. The use of 
near-infrared (NIR) light for rapid photopolymerization has not yet been achieved but is 
desirable due to its low energy and greater penetration depth, the latter of which allows for 
improved biocompatible and composite printing. Composite materials have higher strength 
and stiffness, and in some cases, enhanced antibacterial and electrical properties, as 
compared to their non-composite counterparts. This poster focuses on the development and 
characterization of novel NIR sensitive photopolymer resin components for rapid high-
resolution 3D printing, with applications in nanoparticle-polymer composites. 
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From silica to polymers in two simple steps 

Emily Spitzberg, emilyspitzberg@gmail.com, Jordan Torgunrud, Stephen A. Miller. 
University of Florida, Gainesville, Florida, United States  

Current commodity plastics, including PET, LDPE, HDPE, PS, PP, and PVC, are 
predominantly carbon-based. This seems quite sensible since carbon chemistry has been 
studied for centuries. However, carbon constitutes only 0.02% of the earth’s crust, and an 
even smaller percentage of the ocean. Regarding availability to humans, oxygen and silicon 
are the most abundantly available elements. Therefore, in the push to develop novel 
sustainable commodity plastics, it is important to also look to silica as an inexhaustible 
starting material. The most commonly produced silicon-containing polymer is 
polydimethylsiloxane, which is made from silica. In order to synthesize silicon-containing 
polymers, silica is subjected to carbothermal reduction at 1900 °C to reduce silicon (IV) to 
elemental silicon, which is then oxidized back to silicon (IV) while producing useful 
monomers. The carbothermal reduction process can be avoided by extracting the silicon from 
silica using alcohols. Thermodynamic data indicates silicon prefers diols over mono-alcohols, 
forming silaspirocycles. These silaspirocycles can then be polymerized through 
alkylorthosilicate metathesis polymerization to produce polyalkylorthosilicate networks. 
Herein we report the optimized depolymerization of silica using chelating diols and the 
polymerization of the resulting silaspirocycles. We screened trifluoracetic acid, acetic acid, 
phosphoric acid, malic acid, and p-toluenesulfonic acid at catalyst loadings ranging from one 
crystal or one drop to 10 mol % under nitrogen and vacuum conditions with temperatures of 
100-200 °C. The networks formed were analyzed using thermogravimetric analysis, 
differential scanning calorimetry, and infrared spectroscopy. 
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Regulating the regulator: Optimizing P3HT-based blends for organic electrochemical 
transistors 

Duncan Haddock, haddocdx@plu.edu, Dean A. Waldow. Chemistry, Pacific Lutheran 
University, Tacoma, Washington, United States  

Blends of electronic and ionic conducting polymers and their effect on the current production 
in organic electrochemical transistors (OECT) devices were studied. Different weight fraction 
blends of the charge conductive polymer (poly(3-hexylthiophene-2,5-diyl, P3HT) and an ion 
conductive ROMP based polymer with oligomeric ethylene oxide sidechains were studied at 
weight fractions of 1.00, 0.95, 0.85, 0.75, 0.65, 0.40, and 0.20 with respect to P3HT. A 
solution of 100 mM potassium hexafluorophosphate (KPF6) was used to dope the OECT. 
Transconductance was measured for each blend as well as a threshold voltage. Using that 
data, the figure of merit, µC*, was subsequently calculated for all systems using a range of 
device geometries. The figure of merit, µC*, was maintained at 55 +/- 5 F/(cmVs) up to a 
blend weight fraction of about 0.75 with KPF6. Preliminary transconductance data for an KCl 
aqueous salt solution and transient curves using KPF6 and KCl will be presented. 
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Synthesis and polymerization of a single-ion monomer for use as an electrolyte in 
lithium ion batteries 

Sandra Montgomery, smontgomery@plu.edu, Alyssa Bright, brightal@plu.edu, Dean A. 
Waldow. Chemistry, Pacific Lutheran University, Tacoma, Washington, United States  

Lithium-ion batteries are currently the most popular of the commercially available options due 
to their high energy density and rechargeability. However, the current electrolyte solution 
makes use of volatile organic solvents where with dendritic formation the solvent can 
combust. This research explores a possible solution to this problem by replacing the 
flammable electrolyte solution with a single ion conducting solid polymer electrolyte. The goal 
of this synthesis is a polymer that consists of a bulky backbone with three tailored sidechains: 
a phenyl to provide structure, an oligomeric ethylene oxide for glass transition temperature 
modification, and a sidechain with an integrated anion and accompanying lithium cation for 
ionic conductivity. This study outlines a synthetic procedure for producing each monomer and 
their polymerization using the ring opening metathesis polymerization (ROMP) mechanism. 
The monomer’s synthesis has been accomplished and graft-through and graft-to approaches 
are being explored to produce the desired single ion solid polymer electrolyte. 
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Post-polymerization modification of ROMP-derived polymers using SuFEx click 
reactions 

Edward Briceno, esb022@shsu.edu, Christopher E. Hobbs. chemistry, Sam Houston State 
University, Huntsville, Texas, United States  

This poster describes our current efforts geared toward the use of the SuFEx click reaction as 
a tool for the modification of polymers prepared using ring opening metathesis polymerization 
(ROMP) chemistry. This involved the polymerization of a sulfonyl fluoride-containing 
norbornene derivative that was prepared from a Diels Alder reaction between ethene 
sulfonylfluoride (ESF) and cyclopentadiene. The resulting monomer was subjected to ROMP 
reaction with Grubbs 3rd Generation initiator. This material was subjected to SuFEx click 
reactions with a series of silyl ethers to provide the modified products in quantitative 
conversion. 
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Semicrystalline polymer aerogels: Analysis and manipulation of physical crosslinking 
structures 

Andrew Evans1,2, drevans10@vt.edu, Glenn A. Spiering2, Michelle Pomatto2, Robert B. 
Moore2. (1) Academy of Integrated Science, Virginia Polytechnic Institute and State 
University, Blacksburg, Virginia, United States (2) Macromolecules Innovation Institute, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia, United States  

Semicrystalline polymer aerogels are porous, physically crosslinked networks that have 
unique properties such as being mechanically robust, highly porous, low density, low thermal 
conductivity, and having the potential for a high surface area. These properties make them 
appealing for use in areas such as acoustics, chemical absorbents, drug delivery, and 
aerospace insulation applications. Through thermally induced phase separation (TIPS), we 
have produced a range of aerogels utilizing the high-performance engineering thermoplastics 
poly(ether ketone ketone) (PEKK) and poly(ether ether ketone) (PEEK). The goal of this 
research is to explore the effect of thermal history, polymer weight percentage, and solvent 
on resulting surface area and gel morphology. Changing these parameters revealed a range 
of morphologies and surface areas, which were investigated by scanning electron microscopy 
(SEM), nitrogen adsorption utilizing the Brunauer-Emmett-Teller (BET) method, small-angle 
X-ray scattering (SAXS), and differential scanning calorimetry (DSC). A surface area of 510 
m2/g was achieved for PEKK aerogels, considerably higher than reported in literature for 
similar PEKK materials. A variety of PEEK aerogel morphologies were attained through 
changing gelation temperature and polymer content. 

 

 
Figure 1: SEM images displaying the effect of varying gelation temperatures on the morphology of 
PEEK aerogels  
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Novel synthesis of PEG-chitosan copolymers through a 3,4-dihydroxybenzoic acid 
linker for enhanced antibacterial activity: An adaptable approach 

Rohit Suresh, rohit.suresh65@gmail.com, Maddie Ho, madeline.ho@gmail.com, Gayathri 
Renganathan. Chemistry, Biochemistry, and Physics, Aspiring Scholars Directed Research 
Program, Fremont, California, United States  

Chitosan, a glucosamine polymer usually derived from the shells of crustaceans, has shown 
substantial potential in drug delivery primarily through both nanoparticle formation and 
polymer-drug conjugation routes. The ability of chitosan to destabilize cell membranes not 
only allows it to effectively deliver drugs into human cells but also gives it antibacterial 
properties by preventing nutrient uptake in bacterial cells. However, its insolubility at 
physiological pH and lack of reactive sites significantly limits its pharmacological applicability. 
Thus, in this work, we present a straightforward process for the functionalization of chitosan 
through the attachment of carboxylic acid groups, starting with the amidification of its amino 
group and concluding with the addition of a 3,4-dihydroxybenzoic acid linker by azo coupling. 
Fourier transmission infrared spectroscopy (FTIR) analysis was used to confirm the products 
of each step. Subsequent spectral analysis showed an 11% degree of linker substitution. As 
proof of concept, we attached methoxypolyethylene glycol-NH2 (mPEG-NH2), which has 
been shown to be able to penetrate cell membranes and further improve the attachment of 
other molecules to cell membranes, to the linker through NHS/EDC coupling. When tested on 
Escherichia coli (E. coli), the PEG-chitosan copolymer showed significantly higher 
bactericidal activity compared to unmodified chitosan, indicating the successful 
functionalization of chitosan. Furthermore, our novel functionalization method allows for the 
attachment of a wide variety of molecules to chitosan, including drugs, targeting peptides, 
and other polymers, providing a versatile foundation for the further implementation of 
chitosan in antimicrobial and drug delivery applications. 
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Characterizing conductivity of a solid polymer electrolyte with electrochemical 
impedance spectroscopy 

Jaqueline Lindstrom, lindstjh@plu.edu, Dean A. Waldow. Chemistry, Pacific Lutheran 
University, Tacoma, Washington, United States  

Lithium-ion batteries are widely used due to their high power density, rechargeability, and 
long life span. Improving lithium-ion batteries is essential for providing more options for 
renewable energy and alternatives to fossil fuels. Current lithium-ion batteries rely on a liquid 
electrolyte solution, involving a flammable small molecule organic solvent. Additionally, this 
liquid electrolyte solution is prone to dendritic growth which can lead to short circuiting and 
explosions. A possible solution to this issue is the incorporation of a solid, ion conducting 
polymer to replace the flammable liquid electrolyte solution found in current batteries. In order 
to be a competitive option, a solid polymer needs to show comparable conductivity to the 
current standard for lithium-ion batteries. The polymer studied in this work has an 
oxanorbornene dicarboxide backbone with an ethylene oxide side chain (17 units). It was 
synthesized and subsequently characterized using electrochemical impedance spectroscopy 
(EIS) with added lithium bis(trifluoromethane)sulfonimide (LiTFSI). In order to maximize 
conductivity in regards to salt concentration, seven LiTFSI concentrations were tested, from 
5% (w/w) and 50% (w/w) LiTFSI. The poly(ONDI-17) polymer showed increased conductivity 
with respect to previously synthesized and characterized poly(ONDI-12). 
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Thermally-activated covalent adaptable networks containing selena- and thia-
bicyclo[3.3.1]nonane crosslinkers: a study in recyclable and re-processable materials 

Eden Taddese2, eden.taddese@gmail.com, Lindsay Robinson1, Zhishuai Geng5, Jeffrey L. 
Self1, Christopher M. Bates4,1,3, Morgan Bates5, Javier Read De Alaniz1, Craig J. Hawker1,4. 
(1) Department of Chemistry and Biochemistry, University of California Santa Barbara 
College of Letters and Science, Santa Barbara, California, United States (2) Department of 
Chemical and Petroleum Engineering, University of Kansas School of Engineering, 
Lawrence, Kansas, United States (3) Department of Chemical Engineering, University of 
California Santa Barbara College of Engineering, Santa Barbara, California, United States (4) 
Department of Materials, University of California Santa Barbara College of Engineering, 
Santa Barbara, California, United States (5) Materials Research Laboratory, University of 
California Santa Barbara, Santa Barbara, California, United States  

Polymer networks containing dynamic covalent crosslinks can undergo bond rearrangements 
when subjected to external stimuli such as light, heat or a change in pH. As a result, these 
networks have enhanced re-processability, thermoresponsiveness, and recyclability potential 
relative to classical permanently crosslinked thermosets. In this work, sulfur- and selenium-
bicyclononane (BCN) dichloride small molecules with neighboring group participation (NGP) 
are used to crosslink pyridine-functionalized polymers. The resulting networks undergo 
transalkylation crosslinker exchange at elevated temperatures (> 100 °C), which is probed via 
stress relaxation studies. The characteristic relaxation times (and thus transalkylation 
efficiency) of the BCN networks are greater than a control system crosslinked with para-
xylene dichloride, which lacks NGP. Chemical recycling of the linear polymer starting material 
is achieved by swelling the sulfur- and selenium-BCN-crosslinked networks with an external 
nucleophile. In summary, this work highlights the NGP-promoted crosslinker exchange in 
ionic dynamic networks, which gives rise to temperature-dependent viscous flow and 
chemical recyclability. 

 
BCN-crosslinked 
network 
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Conjugated polymers with low synthetic complexity based on electron-rich 
pyrrolopyrroles 

Ethan M. Wagner, ewagne18@students.kennesaw.edu, Kenneth-John J. Bell, Allison M. 
Kisiel, Graham S. Collier. Kennesaw State University, Kennesaw, Georgia, United States  

Semiconducting polymers have applications as active layer material in numerous 
technologies such as organic photovoltaics, sensors, and electronic displays. However, as 
performance metrics for these polymers increase, so does the synthetic complexity, which 
limits many of the highest performing polymers. Therefore, there is a need to develop 
simplified synthetic pathways to access conjugated monomers and polymers. Our work has 
utilized a robust synthetic pathway to synthesize dihalogenated conjugated monomers called 
dihydropyrrolopyrroles, or H2DPPs, in one synthetic step. The synthesis offers advantages 
compared to traditional preparation of conjugated monomers such as the reaction being run 
in air and does not require column chromatography for purification. H2DPPs subsequently 
can be polymerized using a variety of methods to yield conjugated polymers with tunable 
optical and electrochemical properties. In addition, dibrominated H2DPPs can be 
copolymerized with an assortment of comonomers, leading to differing optical and electronic 
properties dependent on the structure and functionalization of the comonomer. These 
properties, such as visible light absorbance, high fluorescence quantum yield, low oxidation 
potentials, and electrochromism, make H2DPPs suitable for myriad applications. Most 
notably, H2DPPs -based copolymers confer lower synthetic complexity than most of the 
conjugated polymers studied for organic photovoltaics or electrochromism. Due to the 
synthetic simplicity and tailorablity through monomer selection, our results offer a modular 
design motif for systematically engineering simple conjugated monomers and polymers for 
desired applications. 
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Electrostatically optimized single-domain coiled-coil protein hydrogel for sustained 
drug delivery 

Chengliang Liu1, cll494@nyu.edu, Dustin Britton1, Sihan Jia1, Michael Meleties1, Jin K. 
Montclare1,3,2. (1) Chemical and Biomolecular Engineering, New York University Tandon 
School of Engineering, Brooklyn, New York, United States (2) Department of Chemistry, New 
York University, New York, New York, United States (3) Department of Biomaterials, New 
York University College of Dentistry, New York, New York, United States  

Protein hydrogels are widely studied for many applications in biomedicine. A promising 
application is for sustained drug delivery. We have previously generated an upper critical 
solution temperature-type (UCST) hydrogel. The engineered protein, Q, is a homopentameric 
coiled-coil that assembles into a hydrogel capable of encapsulating small hydrophobic 
molecules. Where Q has a UCST well below physiological conditions, we have recently 
optimized its electrostatic surface for improved gelation and material properties by utilizing a 
Monte Carlo search algorithm to generate a Rationally Randomized Dielectric Domain 
(R2D2). We study these improvements through microscopy and structural studies 
demonstrating improved alpha helicity, rheology, and gelation times. The resulting 
performance jump renders the R2Dr hydrogel a great candidate for drug delivery of small 
hydrophobic molecules. 

 
The image is showing the protein at different stages of gelation along with the TEM image.  
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Progress Toward the Synthesis and Characterization of a Ruthenium-containing 
Single-Chain Polymer Nanoparticle 

Barney Walsh2, andrewwalsh2022@gmail.com, Steven Huss1, Daniela Arias-Rotondo2, 
Elizabeth Elacqua1. (1) The Pennsylvania State University, University Park, Pennsylvania, 
United States (2) Kalamazoo College, Kalamazoo, Michigan, United States  

To mimic the structure and functions of enzymes, methods have been employed to reduce 
the conformational freedom of single polymer chains containing catalytic sites by connecting 
pendant subunits to promote chain collapse. Previous work with these systems has 
introduced both transition metal catalysts and organocatalysts within single-chain polymers. 
Recently, organic photoredox catalysts have been incorporated as confined catalytically-
active sites, leading to accelerated catalysis. Herein, the progress toward the synthesis of a 
novel ruthenium-containing polymer nanoparticle will be disclosed. A functionalized 
methacrylate monomer has been polymerized through reversible addition-fragmentation 
chain transfer (RAFT) polymerization to synthesize a poly(methyl methacrylate) with side-
chain pendant ruthenium tris-bipyridine complexes and crosslinkable units. The polymers 
were characterized by gel-permeation chromatography (GPC) and NMR spectroscopy. 
Additionally, the photophysical properties were characterized by UV-vis absorption and 
emission spectroscopy. 
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Characterization of glutathione-sensitive vesicles prepared from supramolecular 
amphiphiles 

Matthew Yim, yimmatthew749@gmail.com, James S. Schroeder, jssisyphus@gmail.com, 
Natalie Byrd, Sandra Ward. Chemistry and Biochemistry, California Polytechnic State 
University College of Science and Mathematics, San Luis Obispo, California, United States  

In the development of drug delivery systems, nanocarriers capable of releasing encapsulated 
loads of therapeutics are shown to hold promise in future medical applications. Nanocarriers 
can be designed to exhibit controlled and sustained release of therapeutics, thus more 
effectively targeting diseases in the body, such as cancer. This innovative characteristic is 
achieved by designing nanomaterials capable of degrading under conditions local to an 
intended delivery site. However, the challenge in developing these materials is achieving the 
ideal rate of payload release. We will present the investigation of the characteristics and 
functionality of a vesicle nanocarrier composed of a novel, self-assembling supramolecular 
amphiphile, the aim of which is to create a material with kinetics that can be fine-tuned for a 
given application. Additionally, our study will present the results of these vesicles’ triggered 
degradation. The vesicle utilizes a glutathione (GSH) sensitive disulfide bond within its 
constituent amphiphile, which provides a mechanism for releasing an encapsulated payload 
under specific conditions. Here we will present the results of our triggered degradation 
studies as well as other data characterizing these vesicles. In future research, we aim to 
extend the properties of the nanocarrier to a hydrogel of crosslinked vesicles and from it, 
adapt a second drug dispersal mechanism. The GSH-triggered release mechanism of this 
vesicle, along with other essential characteristics observed in experimental data, has 
continued to demonstrate the viability of this nanocarrier for future use in drug delivery. 

 

 
Scheme 1. Schematic illustration showing the host-guest inclusion complexes that form the 
supramolecular amphiphiles that self-assemble into vesicles of varying sizes between 60-80nm in 
radius 
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Crystallization behavior in star block aliphatic polyester thermoplastic elastomers 

Collette T. Gordon1,2, ctgordon@usc.edu, Stephanie Liffland1, Marc A. Hillmyer1. (1) 
Chemistry, University of Minnesota Twin Cities, Minneapolis, Minnesota, United States (2) 
Chemistry, University of Southern California, Los Angeles, California, United States  

Thermoplastic elastomers (TPEs) are a class of polymers that exhibit elastomeric properties 
at their usage temperatures but can be processed as thermoplastics when heated above a 
critical temperature. The ABA triblock morphology of TPEs consists of hard A end blocks 
(high Tg or Tm) and a soft (low Tg) B midblock. These materials are industrially appealing due 
to their tunable mechanical properties and low manufacturing costs. Yet, most commercial 
TPEs contain non-degradable petrochemical-derived materials and can contribute to plastic 
pollution. A sustainable alternative to non-degradable TPEs are aliphatic polyester-based 
TPEs (APTPEs) that contain semicrystalline poly(L-lactide) (PLLA) as the hard domains and 
amorphous poly(γ-methyl caprolactone) (PγMCL) as the soft block. Previous work displayed 
that employing the (AB)n star architecture in these APTPEs improves mechanical properties, 
while the impact of PLLA crystallinity in these materials has not been systematically explored. 
This work investigates the crystallization behavior in (PLLA-PγMCL)4 4-arm star block 
APTPEs, and the impact of crystallization behavior on the mechanical properties. The effect 
of the polymerization catalyst on crystallization behavior was explored by comparing star 
polymers synthesized using Sn(Oct)2and DBU catalysts. While the DBU-catalyzed polymers 
displayed racemization of the L-lactide (~7%), the Sn(Oct)2-catalyzed materials showed no 
racemization. Synthesized polymers were processed via melt-pressing and annealed at 
varied times to investigate the impact on crystallization behavior. In DSC studies, samples 
showed a modest increase in the crystallinity degree after annealing for 1 h; however tensile 
testing revealed a substantial improvement in the ultimate tensile strength and increased 
Young’s Modulus values at these short annealing times. Material properties do not increase 
linearly with crystallinity, as samples annealed for long times (>24 h) underperformed those 
annealed for shorter times. Further annealing studies reveal the potential for tuning polymer 
mechanical properties through control over annealing time. Overall, this data indicates that 
tuning the material crystallinity offers a path to alter the APTPE mechanical properties for 
polymeric applications. 
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Thermal and conductive properties of perarylated phosophonium ionenes 

Hannah Brown, hbrown29@murraystate.edu, Samantha M. Sims, Kevin M. Miller. 
Chemistry, Murray State University, Murray, Kentucky, United States  

Ionenes are a unique class of ion-containing polymers wherein the ionic group is anchored 
directly into he backbone of the repeating unit of the polymers. Recently, ionic liquid groups 
(specifically the cation) have been targeted as ionic groups in these materials. Most PILs are 
based on nitrogen cations, such as ammonium or imidazolium, due to the ease in which they 
can be synthesized; however, many of these materials suffer from less than desirable thermal 
and chemical stability. Phosphorous-containing ionic liquids have been far less reported 
despite often exhibiting enhanced stabilities and ionic conductivities, in particular those which 
are perarylated. Here, we disclose our efforts in synthesizing “PEEK-like” perarylated 
phosphonium ionenes using standard nucleophilic aromatic substitution conditions. Structure-
activity relationships will be drawn to relate thermal (DSC, TGA) and conductive properties 
with changes in the monomer backbone and/or counteranion. While many of the perarylated 
phosphonium salts proved to be very thermally robust, the resulting ionenes often exhibited 
lower than expected thermal stability due to the carbonyl or sulfone linkage that was 
incorporated into the non-ionic coupling monomer. More recent synthetic efforts have focused 
on eliminating these perceived weak points in order to produce the most thermally robust 
ionic materials (> 400 °C) 

 

 
  



~ 335 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Ionic liquid-functionalized cellulose derivatives: Synthesis, characterization, and 
properties 

Gracie Eicher1, geicher@murraystate.edu, Morgan M. Mars1, mmars@murraystate.edu, 
Rose Miller1, David Salas-de la Cruz2, Kevin M. Miller1, kmiller38@murraystate.edu. (1) 
Chemistry, Murray State University, Murray, Kentucky, United States (2) Chemistry, Rutgers 
University Camden, Camden, New Jersey, United States  

As cellulose represents an inexpensive and sustainable biomacromolecule, the ability to 
functionalize the backbone with an ionic liquid and generate conductive materials is of great 
interest. Here, several 1,2,3-triazolium-functionalized cellulose derivatives were prepared 
using an azide−alkyne “click” cyclization strategy, followed by quaternization. Thermal, 
conductive, and morphological properties of the resulting materials were analyzed using a 
diverse set of techniques including nuclear magnetic resonance (NMR), Fourier transform 
infrared spectroscopy (FTIR), thermal gravimetric analysis (TGA), differential scanning 
calorimetry (DSC), X-ray scattering, and dielectric relaxation spectroscopy (DRS). All of the 
IL-functionalized cellulosic materials exhibited a Tg, the values of which were inversely 
dependent upon the size of the counteranion. The materials were amorphous in nature, 
showing clear nanophase separation which was dependent upon the size of the 
coutneranion. Ionic conductivity of the IL-functionalized materials was 6-orders of magnitude 
higher than the native cellulose. Additionally, ionic conductivity was found to be significantly 
affected by humidity. Further tethering of an additional IL (imidazolium) moiety to the 1,2,3-
triazolium linkage led to a decrease in the Tg and improvements in ionic conductivity. 
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Investigating the effect of humidity on the hydrogen bond organization of 
hyperbranched polymers 

Emily Gonzales1, emgonzales@wpi.edu, Sergei Nazarenko2, Samantha Daymon2. (1) 
Chemical Engineering, Worcester Polytechnic Institute, Worcester, Massachusetts, United 
States (2) Polymer Science and Engineering, University of Southern Mississippi, Hattiesburg, 
Mississippi, United States  

Hyper-branched polymers (HBPs) based on 2,2-bis(hydroxymethyl) propionic acid (bis-MPA) 
have recently been studied due to their commercial availability, chemical stability, and their 
wide variety of industrial applications. Although they are widely available, the relationship 
between their structure and bulk physical properties have yet to be fully explored. More 
specifically, due to the high concentration of hydroxyl groups available, bis-MPA based HBPs 
can form extensive intra and inter molecular hydrogen bonds (H-bonds) which play an 
important role in defining their bulk properties. The physical properties of bis-MPA based 
HBPs are highly influenced by the presence of water, likely due to an increase in available H-
bond doners and acceptors provided by water molecules. Because of this, humidity is an 
important environmental contributor to the overall bulk properties of the systems. To explore 
this effect, an investigation on the water uptake kinetics of this material was performed in 
order to understand the quantity of uptake, its effects on bulk properties, and how to optimize 
effects for best practices. To start this investigation, thermogravimetric analysis (TGA) was 
employed to provide insight on how much water is present in samples over a broad humidity 
range and Fourier transform infrared spectroscopy (FTIR) allowed for a comprehensive look 
at H-bond formation throughout the samples. Additionally, wide angle x-ray scattering 
(WAXS) was used to compare the structural order differences between different generations 
of bis-MPA based HBPs. It was found that the uptake kinetics of water was proportional to 
the relative humidity that the sample was exposed to, where samples exposed to a higher 
humidity absorb a higher quantity of water at a faster rate than samples exposed to a lower 
relative humidity. The HBP samples also displayed much more hydrophilic characteristics 
than linear samples with the same functional groups. 
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Rapid evaluation of sustainable barrier layer film performance using polarized optical 
microscopy 

Callie Goins1, cgoins9@gatech.edu, D. E. Shen1, Yue Ji2, Tae-Joong Jeong3, Riley 
Catledge3, Tequila Harris3, John R. Reynolds1, Carson Meredith2,4. (1) School of Chemistry 
and Biochemistry, Georgia Institute of Technology, Atlanta, Georgia, United States (2) School 
of Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, 
Georgia, United States (3) George W. Woodruff School of Mechanical Engineering, Georgia 
Institute of Technology, Atlanta, Georgia, United States (4) Renewable Bioproducts Institute, 
Georgia Institute of Technology, Atlanta, Georgia, United States  

Cellulose nanocrystals (CNCs) and chitin nanofibers (ChNFs) are two biologically sourced 
materials that can be used to create biodegradable and sustainable oxygen barrier materials 
comparable to widely available barrier layers like PET. ChNF-CNC films are prepared by 
spraying or slot-die coating dispersions onto cellulose acetate (CA). Previous work has 
demonstrated a link between the oxygen permeability and the microstructure of cellulose 
based barrier layers, but this has not yet been demonstrated for ChNF-CNC blends. While 
work with CA-ChNF-CNC layers has proved that the films are effective barrier materials, as 
we screen various parameters to optimize the performance of CA-ChNF-CNC films, a way to 
rapidly predict its oxygen permeability would be valuable. Here we explore using polarized 
optical microscopy as a simple and straightforward approach to evaluating the microstructure 
of films in order to determine order parameter. We then investigate the relationship between 
order parameter and oxygen permeability for a series of ChNF-CNC films coated under 
various conditions. 

To further demonstrate the effectiveness of these barrier layers, we encapsulate 
electrochromic polymers (ECPs), materials which undergo user-controlled on-demand color 
change and have been targeted for applications in printed displays but are very sensitive to a 
combination of oxygen and sunlight. We compare the performance of the ChNF-CNC barrier 
layers to PET by tracking the loss in color of two polymers: P[DOT-(C8H17)2] and P[DOT-
(OEtHx)2]. This will be done by looking at the loss of absorbance as a function of time as the 
encapsulated ECP films are irradiated. A central finding is that while P[DOT-(OEtHx)2] is 
essentially fully degraded after over 10 days of irradiation, P[DOT-(C8H17)2] does not 
significantly degrade even after long amounts of irradiation. These results are consistent with 
previous tests using ChNF-CNC films as barriers, demonstrating that these films perform 
comparably to PET. 
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C-H activation towards the preparation and modification of polymeric materials 

Eric S. Tillman, Ella Basler, ebasler@scu.edu, Jaden Chong, jchong@scu.edu, Chloe 
Heath, cheath@scu.edu. Chemistry & Biochemistry, Santa Clara University, Santa Clara, 
California, United States  

We report the application of hydrogen atom transfer (HAT) towards the activation of labile C-
H bonds to use as radical initiators, eliminating the need for more expensive and toxic alkyl 
halide initiators and catalysts (CuBr, (bromo)ethylbenzene) typically required for atom 
transfer radical polymerization (ATRP). An excited photocatalyst, Eosin Y, is used as a 
hydrogen atom abstractor on the selected initiator, creating a carbon-centered radical 
capable of addition across a vinyl monomer as the initiating step of a radical polymerization. 
Controlling propagation requires a reversible HAT (RHAT) process where the chain-end 
hydrogen represents the lowest bond dissociation energy (BDE) in the system. Establishing 
an equilibrium between the H-capped polymer chain and its active radical form requires 
consideration of the monomer type (due to the possibility of labile C-H bonds along the 
backbone) and an appropriate ratio of kact compared to kdeact to afford a polymerization that is 
both controlled and feasible. BDE of both the initiator and polymer chain end will play an 
important role in optimizing this equilibrium. Not only will this new method of polymerization 
open the door to a more cost-effective and sustainable approach to controlled radical 
polymerization, but it will also allow for commodity plastics and polymers, such as 
unfunctionalized polystyrene, to act as initiators and produce branched copolymers, 
effectively recycling the original polymer. 

 

 
  



~ 339 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Synthesis of novel vesicle-hydrogel for drug delivery systems 

Raul Cordova, recordova19@gmail.com, Erin Szumlas, Sandra Ward. California Polytechnic 
State University College of Science and Mathematics, San Luis Obispo, California, United 
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In order for drugs to be effective, they must efficiently be transported from the site it was 
introduced to the site of infection. Drug delivery systems are constantly being innovated to 
improve targeting and release. Particularly at focus are hydrogels, which give off an 
uncontrollable burst release of a drug, and vesicles which are not locationally stable. The 
research presented combines these two methods of delivery to mitigate their disadvantages. 
Supramolecular amphiphiles were synthesized and self-assembled into vesicles when put in 
an aqueous solution. These vesicles are capable of a sustained payload release, and will be 
crosslinked by a synthesized silyl-ether acid sensitive polymer into a hydrogel. This vesicle-
hydrogel drug delivery system allows for a stable, sustained release of two payloads at 
particular environments. Here we present our work toward synthesizing the acid-labile 4-arm 
PEG. 

 
Figure 1. Schematic illustration of vesicle formation and crosslinking into a hydrogel 
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Passivation layering on solid-state electrolytes for a better interfacial wetting 

Nathan Fonseca1, nfonsec1@asu.edu, Kenan Song1,2,3, Mada Kannan1,4,5. (1) Arizona State 
University Ira A Fulton Schools of Engineering, Tempe, Arizona, United States (2) 
Massachusetts Institute of Technology, Cambridge, Massachusetts, United States (3) 
Northeastern University, Boston, Massachusetts, United States (4) Indian Institute of 
Science, Bangalore, Karnataka, India (5) Madurai Kamaraj University, Madurai, Tamil Nadu, 
India  

Solid-state electrolyte batteries are highly researched due to their versatile usage, high safety 
characteristics, and energy density. However, with the current Tantalum-doped cubic garnets 
(Li6.5La3Zr1.5Ta0.5O12, LLZTO), the lithiophilic behavior challenges the interfacial wettability. 
Herein, a simple and cost-effective method of adding a passivation layer to the garnet surface 
will increase the interfacial contact between the Li metal and the garnet surface. The 
passivation layer is composed of phosphoric acid (H3PO4) that reacts with lithium cobalt oxide 
(3Li2CO3). Then, the resulting interaction changes their behavior to a lithiophilic garnet. The 
new composition is made from Lithium Phosphate (2Li3PO4) which attracts the lithium metal. 
As a result, it provides good interfacial wetting increasing their relative density and ionic 
conductivity. 

 

 
  



~ 341 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Oxygen-initiated free-radical polymerization of alkyl acrylates at high temperatures 

Shi Liu1,2, Lauren Chua2, lchua@seas.upenn.edu, Ahmad Arabi Shamsabadi3, Patrick 
Corcoran3, Abhirup Patra2, Michael C. Grady4, Masoud Soroush3, Andrew M. Rappe2. (1) 
Westlake University, Hangzhou, Zhejiang, China (2) Chemistry, University of Pennsylvania, 
Philadelphia, Pennsylvania, United States (3) Chemical and Biological Engineering, Drexel 
University, Philadelphia, Pennsylvania, United States (4) Axalta Coating Systems LLC, 
Philadelphia, Pennsylvania, United States  

Molecular oxygen has been reported to be a strong inhibitor to free radical polymerization at 
low temperatures, quenching active sites with less reactive peroxide radicals. Laboratory 
experiments show that introducing oxygen gas at low concentrations into the free-radical 
polymerization of n-butyl acrylate (nBA) results in high conversion of monomer in a very short 
time at temperatures above 140 °C without the use of any conventional initiators or solvent. 
By conducting first-principles calculations based on density functional theory, this work 
identifies and kinetically studies the most-likely reactions via which molecular oxygen 
contributes to polymer chain initiation. It provides experimental and theoretical evidence that 
molecular oxygen acts as a catalyst in alkyl acrylate free radical polymerization at high 
temperatures. Mechanistic investigations reveal that a triplet diradical intermediate is 
generated from solvated oxygen reacting with an alkyl acrylate monomer. The intermediate 
then reacts with another monomer and thermally dissociates from molecular oxygen to 
proceed toward polymerization. This theoretical finding is supported by laboratory 
experiments showing that in the presence of a very small amount of molecular oxygen and in 
the absence of any thermal initiators, free-radical polymerization of nBA occurs sustainably 
and proceeds to a very high monomer conversion. This work opens a new path for a more 
economic and sustainable production of higher-quality acrylic polymers using molecular 
oxygen as an initiator catalyst. 

 
Proposed mechanism for oxygen-catalyzed initiation of n-butyl acrylate free radical polymerization  
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Synthesis of glycohydrogels for transcuticular drug delivery 

Geoffrey Jones1, geoffrey.jones@usm.edu, Hannah G. Abernathy1, Latoyia Downs2, Shahid 
Karim2, Sarah E. Morgan1. (1) Polymer Science and Engineering, University of Southern 
Mississippi, Hattiesburg, Mississippi, United States (2) Biological, Environmental, and Earth 
Sciences, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Ticks are responsible for the transmission of various bacterial, viral, and protozoan 
pathogens of public health significance. The unexpected increase in tick-borne diseases, 
including Alpha-Gal Syndrome and current methods of tick control are environmentally 
harmful and toxic to other beneficial organisms. To our knowledge, there is no successful 
non-invasive method for delivery of dsRNA into ticks in their native environment. 
Glycohydrogels are 3D crosslinked networks that have shown potential as tunable biomimetic 
materials for drug delivery applications. However, there is very little understanding of the 
effects of glycomonomer structure and crosslink density on the mechanical, bio adhesive, 
and diffusive properties of these glycohydrogel networks. For this research, glycopolymer 
hydrogels were synthesized via thermal free radical polymerization with varying cross-linker 
ratios using potassium persulfate (KPS) as the initiator and N, N’-methylenebisacrylamide 
(MBAM) as the crosslinker. Hydrogels were characterized using thermogravimetric analysis 
(TGA) and differential scanning calorimetry (DSC) to understand the effects of crosslink 
density on water structuring and thermal properties of the hydrogel networks. 
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Studying the kinetics of ring-opening polymerization-induced crystallization-driven 
self-assembly 

Annissa Graham, annissaaya@hotmail.com, Paul Hurst, Joe Patterson. Chemistry, 
University of California Irvine, Irvine, California, United States  

Polymerization-induced self-assembly (PISA) is a method for synthesizing block copolymer 
nanoparticles at high weight concentrations. Recent computational studies postulate that the 
self-assembly of block copolymers can be controlled by manipulating the rate of 
polymerization. Recently, our lab developed a PISA process coined ring-opening 
polymerization-induced crystallization-driven self-assembly (ROPI-CDSA). In the ring-
opening polymerization of L-lactide, the rate of polymerization can be altered by changing the 
organocatalyst used. Thus, in this work, the rate of polymerization in ROPI-CDSA is altered 
to study the effect rate has on the morphological outcome. In this ROPI-CDSA, a thiourea 
catalyst is used with a variety of co-catalysts to synthesis poly-(L)-lactide-block-polyethylene 
glycol. The kinetics of the polymerizations are tracked using 1H nuclear magnetic resonance 
(NMR) spectroscopy. Characterization of subsequent organogels formed is studied through 
rheology. Slower rates of polymerization result in strong organogels while faster rates either 
result in no gels or weak organogels. 

 
Kinetics and rheology data of the polymerizations. 
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Synthesis and structure property relationship of IL functionalized cellulose materials 

Kelly Nguyen1, kn338@scarletmail.rutgers.edu, Tiana Summers-James1, 
tns45@scarletmail.rutgers.edu, Laura A. Freeman1, Kevin M. Miller2, David Salas-de la 
Cruz1,3. (1) Chemistry, Rutgers University Camden College of Arts and Sciences, Camden, 
New Jersey, United States (2) Murray State University, Murray, Kentucky, United States (3) 
Center for Computational and Integrative Biology, Rutgers University Camden College of Arts 
and Sciences, Camden, New Jersey, United States  

Cellulose is a natural organic polysaccharide that makes up most of a plant’s cell walls, which 
is composed of β linked d-glucose units in a linear chain. For this particular study, ionic 
liquids (ILs) will be used to functionalize the backbone of cellulose, since native cellulose is 
not a conductive material. Upon functionalization, the morphology and chemical properties 
were modified to control the ionic conductivity. Not only can these new materials be used as 
an electrolyte membrane, but also as filtration membranes to remove carbon dioxide and as 
bionics in the medical field. In order to observe the different morphological changes, as well 
as the thermal and conductivity properties of the new synthesized cellulose-based Spring 
2022, ACS National Meeting - POLY Graphical Abstractionic liquids, several different 
characterization techniques will be performed. These tests include Fourier transform infrared 
spectroscopy (FTIR), thermal gravimetric analysis (TGA), differential scanning calorimetry 
(DSC), nuclear magnetic resonance (NMR), X-ray scattering, and ionic conductivity. 
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Stability and behavior of a novel vesicle-hydrogel for drug delivery 

Esther Need, eneed@calpoly.edu, Maile Gardner, Sandra Ward. Chemistry, California 
Polytechnic State University, San Luis Obispo, California, United States  

Drug loaded nanomaterials can improve therapy for localized illnesses, such as biofilm 
infections. Stimuli responsive nanomaterials further improve efficacy and reduce side effects 
by selectively releasing the payload drug at the targeted condition. Such nanomaterial 
developments commonly use liposomes and hydrogels. However, neither nanomaterial 
provides a sustained localized drug release, and both are limited by the material’s stability 
and behavior. Composite nanomaterials address these challenges by combining multiple 
structures for tunable material characteristics. 
This research presents a novel vesicle-embedded hydrogel for drug delivery. It retains the 
stability characteristic of hydrogels as well as the drug encapsulation and ability for sustained 
release of vesicles. The composite hydrogel forms the lattice structure by crosslinking a 4-
armed polyethylene-glycol (PEG) to a previously designed vesicle via disulfide exchange 
(Scheme 1). The work investigated favorable conditions for formation, stability, and stimuli 
responsive degradation. In addition, the vesicle-hydrogel was investigated for the vesicle 
specific characteristics of payload encapsulation and stimuli response. 

 

 
 

Scheme 1: Hydrogel formation by vesicle surface crosslinking with a 4-armed PEG thiol. 
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Degradable thermoset polymers from substituted dioxepene monomers 

Bronte Bacchetta, brontebacchetta@gmail.com, Julia Pribyl. Chemistry, US Naval 
Academy, Annapolis, Maryland, United States  

A method to create degradable thermoset polymers would greatly contribute to polymer 
sustainability. In this work, we investigate the synthesis of unsaturated polyacetals using ring-
opening metathesis polymerization. Each repeat unit will contain a common organic 
protecting group, and a catalytic amount of acid will initiate a cascade degradation that 
breaks down the entire polymer chain rapidly. Internal olefin bonds will be orthogonal 
functionality incorporated into the polymer chains to create thermoset polymers. This chain-
growth approach will allow future investigation of co-polymers containing these degradable 
moieties. 
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Synthesis of chelating polymers via RAFT polymerization for Metal Extraction 

Agustin Olivares1, ao641@mynsu.nova.edu, Meha Pandya2, Blake Naar2, Patricia R. 
Calvo1, pcalvo0220@gmail.com. (1) Chemistry and Physics, Nova Southeastern University, 
Fort Lauderdale, Florida, United States (2) Biological Sciences, Nova Southeastern 
University, Fort Lauderdale, Florida, United States  

Heavy metal contamination in drinking water is known to cause damage to multiple organs 
and is one of the major causes of cancer. The presence of heavy metals in water has the 
ability to cause life-threatening conditions. The purpose of our study is to synthesize metal 
binding polymers and to determine their efficiency at extracting heavy metals from 
contaminated water. Spring 2022, ACS National Meeting - POLY Graphical 
Abstractpentafluorophenyl acrylate (PPFPA) was synthesized via the employment of 
reversible addition-fragmentation chain transfer (RAFT) polymerization using 
pentafluorophenyl acrylate (PFPA) as the monomer to create linear and hyperbranched 
polymers. RAFT polymerization allows control over molecular weight and the molecular 
architecture of PPFPA. Qualitative data obtained from H-NMR and F-NMR was utilized to 
assess monomer purity, polymer conversion, and confirm the structure of the final polymer. 
PPFPA is a modular polymer that can be functionalized with metal binding groups. PPPFA 
polymers were reacted with different metal binding group nucleophiles to functionalize the 
polymer. A selection of mono-, bi- and tridentate metal binding groups was synthesized to 
functionalize PPFPA for the extraction of heavy metals from contaminated water. Effective 
functionalization of the final polymers was confirmed by NMR spectroscopy. 
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Vinyl-functionalized fumed silicas to enable tailored mechanical performance of direct 
ink write silicone elastomers 
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States (2) Lawrence Livermore National Laboratory Physical and Life Sciences Directorate, 
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Direct ink write (DIW), an additive manufacturing method, offers several advantages over 
more traditional extrusion and injection molding: abilities to produce 1. large, porous 
polymeric parts with complex geometry and spatially dependent properties due to variations 
in structure, porosity, or material composition and 2. highly filled polymers without exotic 
processes or high pressures; room temperature fabrication; and reduced waste material. 
However, low yield stress thixotropic inks typically require polymers <100kg/mol to avoid 
post-extrusion flow resulting from nozzle swell and thixotropic breakdown. However, 
mechanical properties are highly molecular weight dependent and current DIW ink properties 
may not be sufficient for some industrial applications. Previous work has demonstrated 
hydrophobic-treated fumed silica incorporation to the silicone matrix significantly improves 
performance, exhibiting tensile strength up to 4MPa and 250% elongation at Shore A 50 
hardness and 30wt% silica loading. To further improve performance of DIW silicones, 
covalent incorporation of fumed silica into the silicone cross-link network is desired. 

This project investigates the effects of varying silica size and vinyl-treating agent on silicone 
to increase both tensile strength and elongation at Shore A 50 hardness. NMR of initial silica 
modifications show replacement of surface hydroxyls with vinyl-containing silanes and 
silazanes. Fully incorporated tensile test samples containing vinyltriethoxysilane-treated silica 
(BET 250m2/g) increased elongation by about 20%, indicating higher vinyl-treated silica 
loading may be necessary to increase tensile strength. For other treating agents and higher 
surface area silica (BET 400m2/g), limited incorporation was observed. To fully incorporate all 
vinyl-treated silicas, ongoing work is testing more intensive mixing techniques. Results from 
this project will advance knowledge of silica size and treating agent effects on high 
performance elastomer properties, enabling tailored elastomer compositions to desired 
mechanical performances. 
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Emulsion polymerization in a flow reactor 
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The advantages of flow chemistry are numerous, including increased kinetics, safer 
reactions, enhanced heat transfer, and scalability. Herein, we describe our attempts to 
polymerize methyl methacrylate and styrene in flow. A novel droplet generator is used to 
produce emulsions of the monomers or monomer solution which are then flowed into a 
reactor made of PFA tubing where they undergo polymerization, either thermally or 
photochemically, to afford the desired polymeric products. The reactor setup and 
experimental conditions are detailed in addition to characterization of the isolated products. 
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Hydrolysis-driven viscoelastic transition in triblock copolyether hydrogels with acetal 
pendants 

Jinsu Baek, js100@yonsei.ac.kr, Byeong-Su Kim. Yonsei University, Seodaemun-gu, Seoul, 
Korea (the Republic of)  

While the hydrolytic cleavage of ester groups is widely exploited in degradable hydrogels, the 
scission in the midst of chain backbones can bring dramatic changes in the mechanical 
properties of the hydrogels. However, the predictive design of the mechanical profile of the 
hydrogels is a complex task, mainly due to the randomness of the location of chain scission. 
To overcome this challenge, we herein present degradable ABA triblock poly(ethylene oxide)-
based hydrogels containing an A-block bearing acetal pendant, which provides systematically 
tunable mechano-temporal properties of the hydrogels. In particular, hydrophobic endocyclic 
tetrahydropyranyl or exocyclic 1-(cyclohexyloxy)ethyl acetal pendants are gradually cleaved 
by acidic hydrolysis, leading to the gel-to-sol transition at room temperature. Most 
importantly, a series of dynamic mechanical analyses coupled with ex situ NMR spectroscopy 
revealed that the hydrolysis rate can be orthogonally and precisely tuned by changing the 
chemical structure and hydrophobicity of acetal pendants. This study provides a platform for 
the development of versatile degradable hydrogels in a highly controllable manner. 
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Use of charged monomers to create hydrophilic polysulfides 

Kelsi McDermott, mcdekels@isu.edu, Courtney Jenkins. Chemistry, Idaho State University, 
Pocatello, Idaho, United States  

Elemental sulfur is an abundant, inexpensive, and underused product of petroleum 
refinement. Inverse vulcanization exploits sulfur's ability to undergo ring-opening, radical 
polymerization, which is then able to initiate propagation with an unsaturated organic 
molecule. These products are beneficial due to their high sulfur content (50-90%), but they 
are completely insoluble in water, and are therefore limited in their uses. The purpose of this 
project is to improve water solubility by determining the impact of incorporating various 
positive and negatively charged monomers as well as zwitterionic compounds into 
polysulfides. Polymers were formed using a variation of inverse vulcanization by stirring the 
combined reactants at 160 oC for 30 minutes, then increasing the temperature to 200 oC for 
an additional 30 minutes. Products were characterized using 1H NMR to determine the 
degree of polymerization. Water solubility testing was performed on fully polymerized 
products. Polymers formed through the incorporation of ammonium based monomers 
produced products yielding 98% water solubility. The use of zwitterionic monomers was key 
in identifying the role of charge dispersion. The resulting polymers were used as a direct 
comparison between polymers with a pre-established charged structure and polymers with an 
unpredictable variation in the charge. By varying the amount of positive and negatively 
charged monomers, we were able to compare the differences in water solubility and 
determine the role of charge and the overall charge dispersion. 
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Reduction and modification of polymers made via inverse vulcanization 

kai sluder, sludkai@isu.edu, Courtney Jenkins. Chemistry, Idaho State University, Pocatello, 
Idaho, United States  

Large stores of sulfur are created during petroleum refinement. Inverse vulcanization uses 
that inexpensive sulfur waste product to initiate polymerization by breaking open the sulfur 
ring to form radicals at elevated temperatures. However, inverse vulcanization has 
drawbacks including high reaction temperatures, requiring monomers to be miscible with 
sulfur, and low polymer solubility. Here, polysulfides were made by combining sulfur and 
divinylbenzene (DVB). Poly(S-DVB) can be reduced to form polythiols using sodium 
borohydride (NaBH4), as well as dithiothreitol (DTT) and β-mercaptoethanol (BME). These 
polythiols can then be used in thiol click reactions in order to alter the polymer structure and 
introduce new properties. Typically, protecting groups are used to overcome the reactivity of 
thiols, but with poly(S-DVB) eliminates the need for a protecting group and the synthesis is 
relatively simple and solvent-free. Studies were done on the formation of polythiols from 
poly(S-DVB) with 30% to 60% sulfur by weight. Poly(S-DVB) was reduced using a 1:8 ratio of 
NaBH4: polymer. All polymers were characterized using H NMR and IR to look for the 
presence of thiols as well as by GPC to determine the effects of the reduction on the 
polymer's molecular weight. The reduced polythiols were used in thiol-click reactions with 
small molecules, such as isocyanates or maleimides. Successful product formation was 
confirmed with IR and H NMR. The ability to easily modify these polymers without the use of 
a protecting group will increase their utility of use in future applications. 
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Effects of self-assembled monolayers for surface-initiated polymerization of 
conjugated polymers on the formation of conjugated polymer brush films 

Olivia J. Armendarez, oliviaarmendarez@gmail.com, Grace Todd, Evan J. Silver, Pamela 
Lundin. Chemistry, High Point University, High Point, North Carolina, United States  

Poly(3-hexylthiophene) (P3HT) is a conjugated polymer that has a wide array of applications, 
most importantly in semiconducting devices, but also potentially in anti-microbial polymer 
films. Self-assembled monolayers (SAMs) are molecular assemblies that spontaneously 
adhere to surfaces by head groups and can be functionalized at the tail end to modify the 
properties of that surface. In this work, we are using SAMs for surface-initiated polymerization 
(SIP) of conjugated polymers to form conjugated polymer brush (CPB) films. Previous 
experiments have confirmed that our group can grow P3HT from a surface that has been 
modified with an appropriate SAM. Because this has been established, the goal is now to 
determine how the amount of time the monomer is exposed to the SAM-substrate complex 
affects the amount of polymer formed. If the exact length of polymer can be altered based on 
different exposure times, it will allow us to prepare films with precise thicknesses that are 
most appropriate to their intended application. We will present our methodology for synthesis 
of functionalized SAMs, polymerization, and characterization of the resulting CPB films by 
atomic force microscopy (AFM) and water contact angle measurements. 
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Exploring the hydrolytic degradation of epoxy-amine networks via cyclic ketal 
monomers 

Margaret Kumler1, maggiekumler@gmail.com, Benjamin M. Alameda2, Derek L. Patton2. (1) 
Department of Chemistry and Biochemistry, California Polytechnic State University, San Luis 
Obispo, California, United States (2) School of Polymer Science and Engineering, University 
of Southern Mississippi, Hattiesburg, Mississippi, United States  

Large-scale plastic pollution has grown at an alarming rate in recent years, partially fueled by 
the demand of growing industries such as electronics for plastics known as thermosets, 
characterized by covalently crosslinked networks. Desirable properties of thermoset polymers 
include their mechanical strength, thermal stability, as well as overall versatility; however, a 
major limitation of these networks is the lack of reprocessability, rendering them non-
recyclable and non-degradable. Herein, we propose a method to reduce plastic waste 
through the use of pH-selective degradable thermoset networks. A monomer library 
comprised of three diketal epoxide monomers was synthesized through scalable, high-yield 
reactions, and subsequently polymerized with commercially available amines via a thermally 
activated step-growth polymerization. Mass-loss degradation studies of these polymers 
exhibit unique, monomer-dependent degradation profiles, illustrating selective degradation at 
low pH and stability in weakly acidic, neutral, and basic conditions. Network properties were 
tested through thermomechanical testing including dynamic mechanical analysis (DMA), 
differential scanning calorimetry (DSC), and thermogravimetric analysis (TGA), which 
demonstrated that these polymers exhibit high glass transition temperatures, homogenous 
network structures, and high thermal stability. Carbon-fiber composites produced with these 
resins have demonstrated the viability of recycling and subsequent reprocessing of the 
carbon fiber component. This study provides an industry-friendly, as well as environmentally-
friendly alternative to traditional thermosets, while maintaining desirable thermomechanical 
properties. 

 
Schematic representation of the hydrolytic degradation of the thermoset network under acidic 
conditions.  
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Activating room-temperature phosphorescence of organic luminophores via external 
heavy-atom effect and rigidity of ionic polymer matrix 

Zi-Ang Yan, angziyan@163.com, Xiang Ma. East China University of Science and 
Technology School of Chemistry and Molecular Engineering, Shanghai, Shanghai, China  

Pure organic room-temperature phosphorescence (RTP) materials have attracted wide 
attention for their easy preparation, low toxicity, and applications in various fields like 
bioimaging and anti-counterfeiting. Developing phosphorescent systems with more 
universality and less difficulty in synthesis has long been the pursuit of materials scientists. 
By employing polymeric quaternary ammonium salt with an ionic bonding matrix and heavy 
atoms, commercial fluorescent dyes are directly endowed with phosphorescence emission. In 
a single amorphous polymer, the external heavy-atom effect generates excited triplet states 
and the rigid polymer matrix stabilizes them. This study not only put forward a new general 
strategy to design and develop pure organic RTP materials starting from existing library of 
organic dyes without complicated chemical synthesis, but also provided a powerful tool for 
studying excited triplet states. 
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Polymer doping strategy for development of near-infrared metal-free phosphorescence 
dyes 

siyu sun, sunsiyu95@163.com, Xiang Ma, He Tian. East China University of Science and 
Technology, Shanghai, Shanghai, China  

Many types of research showed that the polymer matrix full of hydrogen-bonding interaction 
could restrain the non-radiation relaxation (NR) of the organic dyes effectively, and the 
efficient NIR organic dyes could be generated by suppressing the NR process of the red 
fluorescence organic dyes with enough intersystem crossing efficiency. Wherein, the NIR 
RTP organic dyes with a short lifetime are more beneficial to increase the quantum yield of 
the NIR RTP because the other potential NR process could neutralize the benefits of the 
forbidden of the IC to quench the NIR emission. This strategy could decrease the threshold 
for the construction of organic NIR materials. In order to verify this strategy, bromophenol 
blue derivatives with red light emission, including bromophenol blue, bromophenol red, and 
tetrabromophenol blue, were selected to test this hypothesis for the short RTP lifetimes of the 
organic dyes with heavy atoms. Polyvinyl alcohol (PVA) was chosen as the matrix to provide 
the rigid microenvironment to suppress the NR of the dyes. The experimental data showed 
that the bromophenol blue derivatives have moderate NIR RTP emission in the PVA matrix, 
and the tetrabromophenol blue@PVA films showed the best NIR RTP emission with 3.0% 
NIR RTP quantum yield and 819 nm wavelength. This study preliminarily demonstrates that it 
is effective to construct materials with NIR emission by using the red fluorescence organic 
dyes, which provides an idea for developing more organic materials with efficient NIR 
emission. 
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Thermoplastic elastomer tunes phase structure and promotes stretchability of high-
efficiency organic solar cells 

Zhongxiang Peng1, zxpeng@tju.edu.cn, Yanhou Geng1,2, Long Ye1,3. (1) Tianjin University, 
Tianjin, Tianjin, China (2) Joint School of National University of Singapore and Tianjin 
University, International Campus of Tianjin University, Fuzhou, China (3) State Key 
Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, 
Chinese Academy of Sciences, Changchun, China  

Top-performance organic solar cells (OSCs) consisting of conjugated polymer donors and 
nonfullerene small molecule acceptors (NF-SMAs) deliver rapid increases in efficiencies. 
Nevertheless, many of the polymer donors exhibit high stiffness and small molecule 
acceptors are very brittle, which limit their applications in wearable devices. Here we report a 
simple and effective strategy to improve the stretchability and reduce the stiffness of high-
efficiency polymer:NF-SMA blends and simultaneously maintain the high efficiency by 
incorporating a low-cost commercial thermoplastic elastomer, SEBS (As shown in Figure 1). 
The microstructure, mechanical properties, and photovoltaic performance of PM6:N3 with 
varied SEBS contents, and the molecular weight dependence of SEBS on microstructure and 
mechanical properties were thoroughly characterized. This strategy for mechanical 
performance improvement exhibits excellent applicability in some other OSC blend systems, 
e.g., PBQx-TF:eC9-2Cl, PBDB-T:ITIC. More crucially, the elastic modulus of such ternary 
blends can be nicely predicted by a mechanical model. Therefore, incorporating 
thermoplastic elastomers is a widely applicable and cost-effective strategy to improve 
mechanical properties of nonfullerene OSCs and beyond. 
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Supramolecular dynamic polymer adhesives derived from a natural small molecule 

Chen-Yu Shi, 15800610535@163.com, Da-Hui Qu. East China University of Science and 
Technology, Shanghai, Shanghai, China  

Polymeric materials with integrated functionalities are required to match their ever-expanding 
practical applications, but there is always a trade-off between complex material performances 
and synthetic simplification. Given the intrinsical photo-responsiveness of disulfide bonds, a 
visible-light polymerization strategy is demonstrated to transform a natural small-molecule 
disulfide, thioctic acid, into a high- performance poly(disulfides) network without any external 
additives, which combines optical transparency, mechanical stretchability and toughness, 
ambient self-healing ability, and especially strong adhesive ability to different surfaces. 
Meanwhile, we also disclose a bionic strategy by combining natural thioctic acid and mussel-
inspired iron-catechol complexes to enable ultrastrong adhesive materials that can be used 
underwater and simultaneously exhibit unprecedentedly high adhesion strength on diversified 
surfaces. Moreover, the dynamic covalent poly(disulfides) network also endows the resulting 
materials reconfigurability, thus enabling the multiple reusability for a range of applications, 
such as on-demand adhesion, surface modification, wearable devices and biodegradable 
materials. 
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Simple and precision approach to polythioimidocarbonates and hybrid block 
copolymer derivatives 

Lai Tao1, mstaolai@mail.scut.edu.cn, Junpeng Zhao1,2, Guangzhao Zhang1. (1) Faculty of 
Materials Science and Engineering, South China University of Technology, Guangzhou, 
Guangdong, China (2) Key Laboratory of Luminescence from Molecular Aggregates of 
Guangdong Province, South China University of Technology, Guangzhou, Guangdong, China  

The advancement of soft materials relies heavily on innovation in polymerization reactions. 
Here, we discover alternating copolymerization of isothiocyanate (ITC) and epoxide which 
results in an unprecedented sulfur-containing polymer, polythioimidocarbonate (PTC). 
Provided with a simple two-component catalyst, i.e. Lewis pair consisting of triethylborane 
(Et3B) and excess phosphazene base (PB), the copolymerization starts from an alcohol and 
proceeds in a strictly alternating and highly chemoselective manner, yielding PTC with 
controlled molar mass and low dispersity, free of cyclic byproduct and ether linkages. The 
method applies well on a variety of ITCs and epoxides. It is also found with great excitement 
that the reaction on ITC is fully inhibited when the catalyst composition is inverted to have 
Et3B in excess, whilst homopolymerization of epoxide occurs selectively in this case. DFT 
calculation reveals that Et3B-alkoxide complexation is key to suppress back-biting reaction 
during the copolymerization ([Et3B] < [PB]) and inhibit the copolymerization ([Et3B] > [PB]). 
This unique “biased” feature is harnessed to develop a catalyst switch strategy for one-pot 
block copolymerization from the mixture of ITC and epoxide following either a 
copolymerization- or homopolymerization-first order, resulting in tailor-made PTC-polyether 
block copolymers with reversible sequence structures. On the other hand, sequence-
selective terpolymerization occurs from a mixture of phthalic anhydride, ITC, and epoxide, 
allowing one-step synthesis of polyester-PTC block terpolymer. These results have 
highlighted the versatility of the method for exploring this uncharted area of polymers. 
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Double cation-π-driven self-assembly to construct two-/three-dimensional 
supramolecular polymers 

Xuedong Xiao, xiaoxuedong@mail.nwpu.edu.cn, Ju'an Zhang, Wei Tian. School of 
Chemistry and Chemical Engineering, Northwestern Polytechnical University, Xi'an, Shaanxi, 
China  

The cation-π interaction is an attraction between cation and polarizable π electron cloud, 
which has been gradually recognized as one of the strongest among non-covalent 
interactions. Thus, it has an evident influence on determining the structure of materials and 
mediating the function of organisms. However, it is still a big challenge to construct highly 
ordered and stable supramolecular polymers through the cation-π-driven self-assembly 
strategy, owing to the common cation-π systems generally containing several different 
binding ratios or patterns. In this report, we propose a strategy of double cation-π-driven self-
assembly to overcome the above difficulty. On this basis, the stable and order two-/three-
dimensional supramolecular polymers have been successfully prepared by the rational 
design of cation-π monomer pairs and subsequently controlled multidimensional self-
assembly. We believe the strategy is a new and general rationale towards the construction of 
two-/three-dimensional supramolecular materials. 
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Synthesis of degradable poly(β-hydroxyketone)s via Hooz multicomponent 
polymerization 

yiyang xiao, 1801110342@pku.edu.cn, Jianbo Wang, wangjb@pku.edu.cn. The College of 
Chemistry and Molecular Engineering, Peking University, Beijing, Beijing, China  

Multi-component polymerization (MCP) based on hooz reaction is described. Under mild 
condition (0oC-40oC; catalyst-free), dialdehydes, bisdiazoketones and triethylboron engender 
the formation of Poly(β-hydroxyketone)s. The molecular weight (Mn) is up to 31.2kDa and the 
yield is up to 99%. The β-hydroxyketone structure in poly(β-hydroxyketone)s made its 
degradation under alkaline condition highly efficient with regeneration of dialdehyde for 
recycling. The β-hydroxyketone structure also provide a hydroxy group for various post 
modifications. Crosslinking and oxidation of poly(β-hydroxyketone)s were achieved. The 
crosslinked thermoset product is also degradable. The oxidized poly(β-Diketone)s provide a 
new strategy to synthesize diketonate-containing polymers, which can serve as polymeric 
ligands. 
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Organobase-catalysed hydroxyl–yne click polymerization and its applications 

Han Si1, sihan_adamantgirl@163.com, Kaojin Wang1, Anjun Qin1, Ben Zhong Tang1,2. (1) 
South China University of Technology, Guangzhou, Guangdong, China (2) The Chinese 
University of Hong Kong, Shenzhen, China  

Click polymerization has been developed rapidly since this concept was put forward. To date, 
click polymerization is mainly focused on the polymerization of azide-alkyne, thiol-yne, and 
amino-ynes. However, highly efficient hydroxyl-yne click polymerization is rarely reported. In 
this work, we realized click polymerization of activated diynes and diols in the presence of 
DABCO under ambient conditions. Poly(vinylene ether ester)s (PVEEs) with high molecular 
weights (Mw up to 71 000 g/mol) were obtained in excellent yields (up to 99%) in 1 h. This 
polymerization enjoys many advantages, such as easy accessible raw materials, no need for 
nitrogen protection, mild conditions, high efficiency, atom economy, etc. After introduction of 
tetraphenylethylene (TPE) unit into the polymer backbone, polymers possessing aggregation-
induced emission (AIE) feature were obtained. Such polymers could be used to detect 
explosive. Moreover, using this efficient click polymerization, we designed and fabricated 
luminescent two-way reversible shape memory polymers (2W-SMPs). The resultant networks 
are able to perform excellent reversible shape memory, such as bending-unbending, coiling-
uncoiling, and closing-blooming. Moreover, a robotic gripper and double anti-counterfeiting 
capability could be realized. 
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Cp(π-allyl)Pd-initiated polymerization of diazoacetates: Reaction development, kinetic 
study and chain transfer with alcohols 

xingqi Yao, yaoxq@pku.edu.cn, Yi S. Wang, Jianbo Wang. College of Chemistry, Peking 
University, Beijing, China  

A new initiating system, (cyclopentadienyl)(π-allyl)palladium(II) [Cp(π-allyl)Pd], for the 
polymerization of diazoacetate monomers has been developed. Homo- and copolymers 
bearing ester substituent at every main chain carbon atom were efficiently synthesized from 
various alkyl and aryl diazoacetates. In particular, this polymerization system can tolerate 
various functional groups, which allows for effective post-polymerization functionalization of 
the resultant polymers. Detailed kinetic study indicates that this polymerization has the 
characteristics of slow initiation and rapid propagation. Furthermore, alcohols were found to 
function as chain transfer agents as confirmed by polymerization experiments and the 
MALDI-TOF-MS analyses of the polymer products, thus providing an effective method for 
controlling molecular weight of the polymer. 
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Precisely detecting microphase-separated structure of fluorine-containing block 
copolymer nano-assemblies 

yuan liu, 1120200417@mail.nankai.edu.cn, Wangqing Zhang. Nankai University, Tianjin, 
Tianjin, China  

Fluorine-containing block copolymers can generate microphase-separated structures due to 
incompatibility of fluorine-containing block with others. These microphase-separated 
structures are usually at the several nanometers in size and are difficult to be detected due to 
the limitation of instruments. In this work, block copolymer nano-assemblies of fluorine-
containing ABC triblock copolymer of poly(ethylene glycol)-block-polystyrene-block-
poly(pentafluorophenyl 4-vinylbenzyl ether) (PEG-b-PS-b-PVBFP) were synthesized by 
reversible addition fragmentation chain transfer (RAFT) polymerization under dispersed 
condition using poly(ethylene glycol)-block-polystyrene (PEG-b-PS) vesicles as seed. This 
synthesis affords the vesicular nano-assemblies of PEG-b-PS-b-PVBFP, in which the 
polystyrene (PS) block and the poly(pentafluorophenyl 4-vinylbenzyl ether) (PVBFP) block 
forms the double-layered membrane of the vesicles. Because of the relatively large size of 
the large vesicular nano-assemblies and the thin membrane of the vesicles, the morphology 
or distribution of the fluorine-containing block of PVBFP in the vesicular membrane can be 
clearly detected by TEM. It indicates, the PVBFP forms dispersed micro-domains in the 
vesicular membrane due to the incompatibility between PS and PVBFP. With the increasing 
degree of polymerization (DP) of the PVBFP block, the size of the PVBFP micro-domains 
increases and the morphology of the PVBFP micro-domains changes from linear nanorods to 
winding nanorods. This method is expected to be applied for precisely detecting the 
microphase-separated structures of nano-assemblies of fluorine-containing block 
copolymers. 
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Ethynylsulfone-based hydroxyl-yne click polymerization 

Xinyao Fu1, xinyaofu21@outlook.com, Anjun Qin1, Ben Zhong Tang2. (1) South China 
University of Technology, Guangzhou, Guangdong, China (2) The Chinese University of 
Hong Kong, Shenzhen, Shenzhen, Guangdong, China  

Alkyne monomers are indispensable for the preparation of new functional polymers. Thanks 
to the strong electron-withdrawing ability of sulfonyl group, bis(ethynylsulfone)s show high 
reactivity. At present, ethynylsulfone-based spontaneous amino-yne click polymerization has 
been successfully established which shows excellent universality and polymerization results. 
However, this area should be further developed. 
In this work, an organobase-catalyzed hydroxyl-yne click polymerization based on 
bis(ethynylsulfone)s and diphenol monomers was developed. Under very mild conditions, 
polymers with high weight-averaged molecular weights (Mw, up to 85 900) were obtained in 
the yields up to 88.8%. In addition, the as-prepared polymers possess good solubility, 
thermostability and film-forming ability. The polymer films prepared by spin-coating approach 
show high refractive index (n632.8 = 1.658), making it promising in application as optical 
materials. 

 

 
Ethynylsulfone-based Hydroxyl-Yne Click Polymerization 

  



~ 366 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

C(sp3)-H Polyamination of internal alkynes toward regio- and stereoregular 
luminescent hb-Poly(allylic tertiary amine)s 

Mingzhao Li1, 15243786952@163.com, Anjun Qin1, Ben Zhong Tang2. (1) South China 
University of Technology, Guangzhou, Guangdong, China (2) The Chinese University of 
Hong Kong, Shenzhen, Shenzhen, China  

Hyperbranched polymers have been widely used in various fields because of their special 
architecture, such as random branched topology, high functional group density, three-
dimensional porous structure, which offers them with new properties that linear polymers 
absent. Therefore, it is very important to develop a new synthetic methodology toward 
functional hyperbranched polymers. In this work, we have successfully developed the C(sp3)-
H activated polymerization of multifunctional internal alkyne and bifunctional secondary 
amines. Regio- and stereo-regular functional hb-poly(allylic tertiary amine)s (hb-PATAs) with 
100% E-isomers and high weight-average molecular weights (Mw up to 27000) were obtained 
in satisfactory yields (up to 82%). The hb-PATAs possess excellent solubility, thermal 
stability, and film-forming property. And the polymer films show high refractive index (n632.8nm 
= 1.77) , small dispersion constant and good photoluminescence quantum yield (43.7%) . 
Moreover, the hb-PATAs containing TPE moiety displays unique aggregation-enhanced 
emission (AEE) property and can be used for explosive detection with a superamplification 
quenching effect. In addition, thanks to the propypargyl groups at the periphery of the hb-
PATAs, they can be further modified via another C(sp3)-H activation reaction with alcohols. 
Thus, this work not only prepared a series of functional luminescent hyperbranched 
polymers, but also promoted the development of C-H activation in polymer preparation. 
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Piezoelectrically mediated reversible addition-fragmentation chain transfer 
polymerization 

Chengqiang Ding, 20204009029@stu.suda.edu.cn, Zhao Wang, wangzhao@suda.edu.cn, 
Zhengbiao Zhang, zhangzhengbiao@suda.edu.cn. College of Chemistry, Chemical 
Engineering and Materials Science, Soochow University, Suzhou, Jiangsu, China  

A well-controlled piezoelectrically-mediated reversible addition-fragmentation chain transfer 
polymerization (piezo-RAFT) was carried out in an ultrasound (US) bath (40 kHz) with 
piezoelectric ZnO nanoparticles as the mechano-chemical transducer. The resulting polymer 
had predictable molecular weight, high end-group fidelity, low dispersity and capacity for 
chain extension. The effects of monomer, dithiocarbonyl disulfide and ZnO loading were 
studied. This chemistry was further adopted in curing of composite resins to circumvent the 
light penetration limit of UV curing. This work expand the scope of piezoelectrically-mediated 
chemistry and show its good potential in curing applications. 

 

 
Scheme 1. Ultrasound-induced RAFT polymerization. 
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Room temperature synthesis of branched block copolymer assemblies by 
photoinitiated polymerization-Induced self-assembly (Photo-PISA) 

Dongdong Liu1, 476273992@qq.com, Jianbo Tan1,2. (1) Department of Polymeric Materials 
and Engineering, Guangdong University of Technology, Guangzhou, Guangdong, China (2) 
Guangdong Provincial Key Laboratory of Functional Soft Condensed Matter, Guangzhou, 
Guangdong, China  

Novel strategy has been developed for the fabrication of branched block copolymer 
assemblies via photoinitiated reversible addition-fragmentation chain transfer (RAFT) self-
condensing vinyl dispersion polymerization of 2-hydroxypropyl methacrylate (HPMA) in water 
at room temperature mediated by a binary mixture of a macromolecular RAFT (macro-RAFT) 
agent and chain-transfer monomer (CTM). Decreasing the ratio of [macro-RAFT]/[CTM] 
results in the formation of branched block copolymers with higher molecular weight and 
higher degree of branching. In addition, branched block copolymer assemblies with various 
morphologies were prepared by varying the [macro-RAFT]/[CTM] ratio and a morphological 
phase diagram was constructed. Finally, reduction-responsive branched block copolymer 
assemblies were prepared using a disulfide-linked CTM, which proved the potential of this 
method in preparing stimuli-responsive polymers. 

 

 
 

Schematic Illustration for Aqueous Photoinitiated RAFT Dispersion Polymerization of HPMA at 
Room Temperature 
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Surface-chain transferred ring-opening metathesis polymerization 

Xinting Wu, wxting@sjtu.edu.cn, Ning Ren, Gangsheng Tong, Xinyuan Zhu. Shanghai Jiao 
Tong University, Shanghai, China  

Surface modification via ring-opening metathesis polymerization (ROMP) is a powerful 
method to graft various types of polymer chains to a given surface. While the method of 
surface-initiated ring-opening metathesis polymerization (SI-ROMP) serves as an effective 
tool for surface modification via ROMP and is therefore widely reported, this method requires 
grafting the catalyst to the surface prior to the polymerization and the polymerization can only 
proceed at a limit rate. To overcome this difficulty, we proposed the use of chain-transferred 
reaction as an alternative method for surface modification. Terminal olefins are grafted to the 
surface instead of metathesis catalysts, and the terminal olefins are reacted with polymers 
with olefin backbones via cross-metathesis reaction. The polymers could be synthesized via 
ROMP either prior to the surface modification or together with the surface modification. 
Compared to SI-ROMP, this surface-chain transferred ring-opening metathesis 
polymerization (SCT-ROMP) method avoids growing polymer chains from the surface and 
therefore can be performed at a much higher rate. Various types of polymers with 
poly(cyclooctadiene) or poly(cyclooctene) segments are used for the modification of several 
surfaces like carbon fiber and gold nanoparticles. We envision that this work could bring a 
convenient and effective solution to the surface modification via ROMP. 
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Towards high-performance sustainable polymers via isomerization-driven irreversible 
ring-opening polymerization of non-strained thionolactones 

Pengjun Yuan, ypj@sioc.ac.cn, Miao Hong. Chinese Academy of Sciences Shanghai 
Institute of Organic Chemistry, Shanghai, China  

The development of sustainable polymers is an ideal solution to address the severe 
environmental challenges (such as greenhouse gas emission and post-consumer polymer 
wastes) caused by currently unsustainable methods for the production and disposal of 
synthetic polymers. Non-strained five-membered lactones, commonly occurring in nature and 
produced in large quantities from biomass, offer great potential as renewable monomers for 
the synthesis of sustainable polymers. However, ring-opening polymerizations (ROPs) of this 
family of lactones are usually thermodynamically forbidden at ambient conditions on account 
of their non-strained five-membered rings that cannot provide the sufficient ring strain to drive 
ROPs. As a consequence, ROPs of thse monomers require ultra-high reaction pressure (e.g., 
20,000 atm) or extremely low reaction temperatures (-40 °C), which severely hampers the 
possible industrial applicability of the resultant polymers. Here, we demonstrate that 
irreversible ring-opening polymerization (IROP) of biomass-derived five-membered 
thionolactones, prepared conveniently with high to near-quantitative yields via one-step 
sulfurization of corresponding lactones, is an effective and robust strategy that renders the 
non-strained five-membered rings highly polymerizable for the first time at industrially 
relevant temperature of 80–100 °C. Substantially different from the conventional ROP, 
computational studies reveal that the selective IROP of these thionolactones is 
thermodynamically driven by S/O isomerization during the ring-opening process. IROP of γ-
thionobutyrolactone, a representative non-strained thionolactone, affords a new sustainable 
polymer that possesses external-stimuli-triggered degradability and also high performance 
with its key thermal and mechanical properties comparing well to those of commercial 
petroleum-based low-density polyethylene. This IROP strategy will enable conversion of five-
membered lactones, generally incompatible with other polymerization methods, into 
sustainable polymers with a range of potential applications. 
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Highly branched polymethacrylates prepared efficiently: Brancher-Directed topology 
and application performance 

Yang Ma1,2, mayang@sioc.ac.cn, Xiaoyan Wang1, Junfang Li1, Xiu-Li Sun1, Yong Tang1. (1) 
Chinese Academy of Sciences Shanghai Institute of Organic Chemistry, Shanghai, China (2) 
ShanghaiTech University, Shanghai, China  

Highly branched polymers are promising for various applications, due to their divergent three-
dimensional globular structure and the large number of terminal functionalities. Atom transfer 
radical polymerization (ATRP) provides a powerful tool for the synthesis of polymers with 
almost perfect control over molecular weight and topology. A series of highly oil-soluble and 
branched polymethacrylates are synthesized efficiently via atom transfer radical 
copolymerization (ATRcP) of methacrylate with a small amount of divinyl brancher, focusing 
on the brancher effect on the polymer structure and its application performance as lubricant 
additives. Structural characterization and performance testing for these polymers as lubricant 
viscosity index improvers and pour point depressants are performed. The results indicate that 
branched polymers containing X-like crosslinkages exhibit good viscosity thickening capacity 
and excellent shear stability, while those with T-like crosslinkages are able to significantly 
decrease the pour point and cloud point of lubricant. 

 
  



~ 372 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Hybrid olefin metathesis polymerization 

Mengqi Ge, mengqi_ge@sjtu.edu.cn, Ning Ren, Gangsheng Tong, Xinyuan Zhu. Shanghai 
Jiao Tong University, Shanghai, China  

Olefin metathesis catalysts are well-known for their versatility of catalyzing different 
mechanisms including ring-opening metathesis, ring-closing metathesis, and cross-
metathesis. The combination of different olefin metathesis reactions in a same polymerization 
affords the construction of complex but well-defined chain topologies and thus becomes an 
intriguing topic. 

However, the mechanistic differences between olefin metathesis reactions can bring mutual 
influence between different mechanisms and the influence could be hardly described. The 
understanding of the mutual influence between different olefin metathesis mechanisms is 
therefore crucial for the design of olefin metathesis polymerization with different mechanisms. 
In the present work, we utilize the theory of binary polymerization to assess the mutual 
influence between olefin metathesis mechanisms. The mutual influence can be characterized 
quantitatively via kinetic simulations. The relationship between the mutual influence of 
different olefin metathesis mechanisms and the effect of various parameters such as 
structure of the monomer, solvent, concentrations, etc. are carefully studied and used for the 
construction of polymers with various topologies including linear polymer, ring polymer, 
hyperbranched polymer, and bottlebrush polymer. This work demonstrates how to study the 
mutual influence between different polymerization mechanisms using the theory of binary 
polymerization and reveals the potential of combining different mechanisms with mutual 
influence in a same polymerization reaction. 
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Convenient synthesis of multicompartment block copolymer nanoparticles 

cao rong, 1873150994@qq.com, Wangqing Zhang. Nankai University, Tianjin, Tianjin, China  

ABC triblock copolymers can form many complex structures due to the polarity difference of 
each block. In this study, triblock copolymer multicompartement nanoparticles of poly(N,N-
dimethylacrylamide)-block-poly(tert-butylacrylate)-block-poly(4-vinylpyridine) (PDMA-b-PtBA-
b-P4VP) and poly(N,N-dimethylacrylamide)-block-poly(tert-butylacrylate)-block-polystyrene 
(PDMA-b-PtBA-b-PS) with multicompartement structure were synthesized RAFT 
polymerization under dispersed condition, e.g., combined emulsion/dispersion polymerization 
or emulsion polymerization. In these multicompartement nanoparticles, the PtBA block forms 
the main body of the particle, and the P4VP or PS block forms the dispersed microdomains 
on the particle surface, which are completely different from the traditional core-shell 
nanoparticles of block copolymers. The formation of these multicompartement nanoparticles 
can be attributed to (1) poor compatibility between the PtBA block and the P4VP or PS block 
(2) the novel synthesis which ensures the P4VP or PS block to be kept dispersed. It is found 
that the morphology of the multicompartment nanoparticles is firmly dependent on the degree 
of polymerization (DP) of the third block of P4VP or PS, and the size of the dispersed 
microdomains becomes larger with the increasing DP of the P4VP block. This study provides 
a convenient method for the synthesis of MCBNs. 
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Digital dendrimer: A novel type of digital polymer 

Yongquan Wang, 1809404066@stu.suda.edu.cn, Zhihao Huang, Zhengbiao Zhang. 
Soochow University College of Chemistry Chemical Engineering and Materials Science, 
Jiangsu, China  

Digital polymers are applied for molecular data storage. Herein, a new conception of digital 
dendrimer is proposed, which possessing higher data storage capacity and novel properties 
based on maleimide motifs. For efficient data coding, a series of digital dendrimers are 
synthesized by divergent growth strategy via thiol-maleimide Michael coupling, which allows 
precise arrangements of the 0- and 1-bits in the uniform dendrimers. For reliable data 
decoding, a protocol for calculating the storage capacity of non-linear binary digital dendrimer 
is established based on data matrix barcode, generated by the tandem MS decoding. 
Furthermore, the generated data matrix barcode can be read by a common hand-held device 
to cater the applications such as item identification, traceability and anticouterfeiting purpose. 
Overall, this work demonstrates the high data storage capacity of a uniform digital dendrimer 
and uncovers novel applications for the digital polymers. 
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Controlled disassembling of elemental sulfur: A new approach to the precise synthesis 
of poly(disulfide)s 

Jiyan Chao, jiyanchaos@mail.dlut.edu.cn, Weimin Ren, Tianjun Yue. State Key Laboratory 
of Fine Chemicals, Dalian University of Technology, Dalian, Liaoning, China  

Elemental sulfur, as one of the additional products in petrochemical industry, can be directly 
used in the production of asphalt, sulfuric acid and other chemical products, but still causes a 
large surplus and the corresponding storage and transportation problems. Conversion of 
elemental sulfur into high value-added products, such as sulfur-containing polymers, is 
currently a solution to resource utilization of elemental sulfur. Poly(disulfide)s as one of the 
most important sulfur-containing polymers, are widely appealed in the areas of Li-S batteries, 
self-healing materials and vitrimers. Compared with the drawbacks of uncontrolled molecular 
weight and the distribution of the resultant polymers or the limited diversity of cyclic disulfide-
containing monomers, we are to present a novel strategy for synthesizing poly(disulfide)s 
with well-defined structure by ring-opening copolymerization with high-efficiency by elemental 
sulfur and episulfides. In this context, overcomeing the drawbacks of the conventional 
method of preparing poly(disulfide), organic base MTBD (the abbreviation of 7-Methyl-1,5,7-
triazabicyclo[4.4.0]dec-5-ene) is capable for transformation of elemental sulfur and a 
quaternary ammonium salt with a non-nucleophilicity anion(PPNSbF6) is efficient for 
facilitating the [MTBD]+–Sx– disassembling into a [MTBD]+–S– species, therefore give the 
disulfide linkage for further ring-opening of episulfides. So, we provide a fresh thinking of the 
mild and controllable reaction condition which suitable for a variety of monomers to produce 
poly(disulfide) with definite structure for the unique potential in lithium sulfur batteries, self-
healing materials and heavy metal ion absorption. 
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Living polymerization of acrylates catalyzed by a thermal- and bench-stable organic 
borane/phosphine Lewis pair 

Zhenhua Zhang, 1020208058@tju.edu.cn, Miao Hong. Chinese Academy of Sciences 
Shanghai Institute of Organic Chemistry, Shanghai, China  

Lewis pair polymerization (LPP) has emerged as a powerful tool for the efficient 
polymerization of polar vinyl monomer owing to synergistic/cooperative monomer activation 
by both Lewis acid (LA) and Lewis base (LB) sites of Lewis pair (LP) catalyst. However, LP 
catalysts for controlled/living LPPs of polar vinyl monomers reported to date are all required 
metal LAs with high oxophilicity, which are not only highly sensitive to air/moisture and 
heating, but also would compromise of product performance and applications due to metal 
residue in final polymers. Here, we report the development of a robust LP organic catalyst 
based on tris(2,4-difluorophenyl)borane and triisobutylphosphine, which not only renders 
efficient and living LPP of acrylates for the first time at ambient or even industrially relevant 
temperature (60-80 oC), but also unprecedentedly allows the polymerization under an open-
air condition. All polymerizations show quantitative initiation efficiencies (I* = 80~109.0%), 
producing the polymers with predicted number-average molecular weights (Mn up to 190.0 
kg/mol) and unimodal narrow dispersity values (1.00~1.20). Taking advantage of living nature 
of this LPP, well-defined di-, tri-, and tetrablock acrylic copolymers have also been 
successfully synthesized via sequential monomer addition over a broad reaction temperature. 
The establishment of this robust organic LP demonstrates that it is possible to develop 
organic catalysis with thermal and air/moisture tolerance, precise controllability, and high 
catalytic efficiency via a rational design of the catalyst structure. 
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Controllable synthesis of sequence-regulated functional polymers based on renewable 
monomers 

Wuchao Zhao, wczhao1224@gmail.com, Yuetao Zhang. Jilin University College of 
Chemistry, Jilin University College of Chemistry, Changchun, Jilin, CN, academic/chem, 
Changchun, Jilin, China  

The synthesis of sequence-regulated polymers remains a long-standing challenge in the field 
of polymer chemistry. Using living/controlled catalytic system, sequence-regulated polyester 
based thermoplastic elastomers (TPEs) and polar conjugated diene monomers based 
polymers with (AB)n sequence could be synthesized in controlled manner. Without the 
requirement of specific functionalized groups, TPEs consisting of poly(L-lactide) hard 
segments and poly(e-caprolactone)-co-p(d-valerolactone) soft segments are successfully 
synthesized with high stretchability (up to 2100%), strong tensile strength (up to 71.5 MPa), 
and super-toughness (445 MJ/m3) by simply adjusting microstructures of polymers. 
Systematic investigation reveals that the block-like, gradient microstructure not only improves 
ductility by providing flexible elastic network, but also enhances tensile strength through 
strain induced crystallization. In addition, Lewis pairs were applied for 1,4-selective 
polymerization of (E,E)-methyl sorbate (MS) and (E,E)-ethyl sorbate (ES). High catalytic 
activity and high initiation efficiency can be achieved, leading to the formation of PMS with 
100% 1,4-selectivity, tunable molecular weight (Mw up to 333 kg/mol) and narrow MWD. 
Furthermore, simple chemical reactions can efficiently convert PMS to different polymers with 
strict (AB)n sequence structures, such as poly(propylene-alt-methyl acrylate), poly(propylene-
alt-acrylic acid), poly(propylene-alt-allyl alcohol) and poly(ethylene-alt-2-butylene). Their 
material properties including thermal properties, surface properties and adhesion properties 
were investigated in details. 
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Osmosis-driven programmable soft actuator based on UCST&LCST janus hydrogel of 
P(MAA-co-DMAPS) 

Hao Li, Ruidong Liu, ruidong1924@163.com. South China Normal University, Guangzhou, 
China  

With the rapid development of artificial intelligence, more and more smart flexible materials 
have been applied to soft robots, and given these robots “senses” and “acts”. The most 
common option is stimulus-responsive hydrogel, especially thermo-responsive hydrogel 
featuring high water-content and excellent biocompatibility. However, low response rate and 
strong dependence on water environment enable them to be greatly limited in practical use 
for soft sensors and actuators. So we adopted poly(methacrylic acid-co-3-dimethyl 
(methacryloyloxyethyl) ammonium propanesulfonate) (PMAA-co-DMAPS) to construct a 
novel UCST&LCST Janus hydrogel for osmosis-driven programmable soft actuator. 
Particularly, PMAA-co-DMAPS copolymers with different monomer ratios display huge 
transition between upper critical solution temperature (UCST) and lower critical solution 
temperature (LCST). Once integrated into one, reverse thermo-responsive capability will 
contribute to increase response rate of the Janus hydrogel. And single material source also 
favor enhancement on inherent compatibility to realize internal water circulation. Within 45 
minutes, the Janus hydrogel underwent a large bending angle of 960° from 385° to -575° as 
the ambient aqueous phase was heated up from 10 to 50 oC. The results of microscopic 
morphology and ion penetration testing showed that, heat can induce obvious transition of 
porosity and density, and then make water molecules exchanged through the bonding 
interface between the UCST and LCST side. It is anticipating to leave the Janus hydrogel 
from aqueous environment and broaden their applications. 
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Flexible bioelectronics for precise health management 

Guang Yao, yaoguang3@126.com, Chunyang Jiang. University of Electronic Science and 
Technology of China, Chengdu, China  

Flexible bioelectronics, integrated into a variety of accessories, seamlessly fitting to the skin, 
or even implanted in the living body, have been extensively researched and have made great 
progress in biomedical fields such as electronic skin, intelligent monitoring and human-
machine interface. In particular, a significant interest of flexible bioelectronics lies in 
monitoring physiological signals, revealing timely information on the state of our body and 
further providing actionable feedback for disease treatment to sustain a healthy lifestyle. 
However, the device power source still faces the limitation of large size, rigidity and short 
working life. If wearable electronic devices can be attached to a living body to collect energy 
generated by low-frequency motion and directly drive a flexible smart biomedical device, the 
nonnegligible problem of the size, rigidity and working life can be solved. 

Here, we present a novel symbiotic non-pharmacological therapy system through low-
invasive electrical intervention methods, including a wearable hair regeneration device, an 
implantable weight loss device and a biodegradable tissue repair device, emphasizing their 
role in biomedical applications in vivo and problems in practical applications. The work of 
weight loss provides an efficient and low-invasive strategy, and the weight of the device-
implanted rat group was reduced by ~40% compared with the control group. A closed-loop 
feedback regulation system through food intake, gastric motion, electrical neuromodulation 
and brain control was established. Meanwhile, in the experiments of hair regeneration and 
tissue repair, the non-pharmacological electrical stimulation can regulate secretion of multiple 
growth factors, promote cell proliferation, and ultimately achieve the efficient repair effect. In 
general, due to the non-pharmacological and low-invasive nature, the widespread application 
of symbiotic bioelectronics will effectively treat more diseases or symptoms. 
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Platinum-containing drug-based supramolecular polymer realizing self-tracking in 
tumor 

Chengfei Liu, shanliliucf@163.com. Northwestern Polytechnical University, Xi'an, Shaanxi, 
China  

Supramolecular drug self-delivery systems involving active drugs as building blocks linked by 
supramolecular interactions have been well defined as an advanced chemotherapy strategy. 
However, the lack of real-time feedback on drug release at tumor sites inevitably leads to 
unsatisfactory therapeutic effects, owing to the lack of information regarding the 
administration of these drugs. In this work, we designed platinum-containing drug-based 
supramolecular polymer (PtSPD) based on the host-guest interactions of two functionalized 
drug molecules cisplatin and gemcitabine. Then, PtSPD further self-assembled into platinum-
based supramolecular micelles (PtSMs) in aqueous solution. The obtained PtSMs could be 
timely monitored by computed tomography imaging, immediately reflecting the evolution of 
drug release and real-time treatment at the tumor site. The appropriate administration about 
drug dosage and injection interval (1.2 mg mL−1, 100 μL, once every 3 days) could be 
precisely defined according to the therapeutic feedback. Therefore, the Pt-based self-tracked 
PtSPD may offer new potential opportunities for application in the field of efficient synergistic 
chemotherapy. 
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Improving stability and oral bioavailability of Amphotericin B by prodrug approach and 
pH-sensitive nanocarrier-mediated drug delivery 

Oly Katari, katarioly63@gmail.com, Navneet Singh, Tushar Date, Dasharath Chaudhari, 
Sanyog Jain. Pharmaceutics, National Institute of Pharmaceutical Education and Research, 
Sas Nagar, Punjab, India  

Background: Amphotericin B (AmB) is an effective anti-fungal and anti-leishmanial drug. But 
because of its unfavorable physicochemical properties, no commercial product is available for 
oral delivery to date. Novel drug-lipid conjugation would increase the drug’s 
solubility/permeability and reduce toxicity. Further, developing pH-sensitive liposomes would 
result in intestinal drug delivery. 

Procedure: The AmB was first conjugated with tocopherol succinate (TOS) and further 
developed into liposomes by thin film hydration method. They were then coated with Eudragit 
S-100 to protect from harsh G.I. environment. The in vitro drug release studies were 
performed in simulated gastric fluid and simulated intestinal fluid. Ex-vivo intestinal 
permeability study was conducted on excised goat intestinal tissue. Further, the safety of the 
formulations was evaluated on Caco-2 cells and finally, the pharmacokinetic studies were 
carried out. 

Results: The uncoated liposomes possessed particle size of about 147±19 nm and PDI 
value 0.387±0.01. Upon coating, the particle size was found to be much higher (428±23 nm). 
In vitro drug release study showed a significant retardation of drug release from AmB-TOS 
coated liposomes [(Fig. 1(B)]. The percentage cell viability of the coated liposomes was 
found to be >90% [(Fig. 1(C)]. The intestinal permeability of the conjugate was found to be 
the highest followed by those of coated liposomes and free drug [(Fig. 1(D)]. The 
pharmacokinetic study further revealed 2.41-, 2.35-and 1.5-folds increase in AUC, t1/2, and 
MRT as compared to free drug. 

Conclusions: In nutshell, this system could be effectively explored for designing oral 
formulations of AmB. 

 
Fig. 1. Characterization results of AmB, AmB-TOS, AmB-TOS 
liposomes (AmB-TOS-L) and AmB-TOS coated liposomes 
(AmB-TOS-CL). (A) TEM images of (I) AmB-TOS-L, and (II) 
AmB-TOS-CL, (B) drug release pattern, (C) % cell viability at 
varying concentrations, and (D) apparent permeability data of 
the different formulations. 
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Metal-free organic core-crosslinked nanoparticles containing nitrogen and oxygen 
radicals for tissue-targeted tumor Imaging 

wenbin liu, 1090385713@qq.com. Hefei University of Technology, Hefei, China  

The desire for an all-organic composition of nanoparticles (NPs) with considerable 
biocompatibility to enable the simultaneous diagnosis and treatment of cancer is endless. So 
far, magnetic resonance imaging (MRI) contrast agents mainly use metal-based reagents, but 
the specificity of the metal has drawbacks. Here, core cross-linked nanoparticles (P4) 
composed of nitrogen-oxygen radical-containing polymer (isocyanate) and hydrophilic 
polyisocyanate were prepared as alternative metal-based reagents for tumor-targeted 
imaging. It has high nitrogen oxygen group load, long nitrogen oxide compound cycle time, 
good biocompatibility, and electron paramagnetic resonance imaging capability. Furthermore, 
the contrast effect was further improved by the responsiveness of H2O2 and GSH to disulfide 
bonds. This work promotes the tumor-targeted image-guided therapeutic engineering. 
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Photoelectric-responsive liquid crystal elastomer for rapid, controllable, and reversible 
deformation 

Hao Li, Rundong Wu, 2020023697@m.scnu.edu.cn, Jingxing Zhang. South China Normal 
University, Guangzhou, China  

Liquid crystalline elastomers (LCEs) combine high anisotropy with good flexibility, and 
exhibits excellent stimuli-responsive capability and large shape transformations. Nowadays, 
LCEs have widely applied to soft robots, artificial muscle, smart coating and other emerging 
areas, owing to their outstanding performances. However, common stimulus (e.g. 
temperature and humidity) as switch or trigger, are slow and hard to control. Herein, a novel 
asymmetrically fluorine-substituted azobenzene dopant was designed and synthesized, and 
doped into the nematic liquid crystal matrix to construct photoelectric-responsive LCEs for 
precise control. Particularly, the rigid axis of the dopant does not fit with its polar axis, leading 
to negative dielectric anisotropy (Δε=-4.05). Naturally, the doped LCE also possesses good 
negative dielectric anisotropy (Δε=-1.49 at room temperature). As a direct current electric field 
with the field strength of 1 V/μm was applied, the obtained LCE flake bended 30° within 2 
seconds. On the other hand, the LCE flake underwent rapid reversible deformation under 
ultraviolet and visible photoirradiation, which attributes to the photoisomerization of 
azobenzene group in the dopant molecules. Clearly, this dual-responsive LCE offers an 
outstanding and promising control strategy for smart soft matter. 
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Precise control of chain-walking polymerization: exclusive branch pattern, main-chain 
functionalization, block polymer 

Yuxing Zhang1,2, yxzhang7@ciac.ac.cn, Zhongbao Jian1,2. (1) State Key Laboratory of 
Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry Chinese 
Academy of Sciences, Changchun, Jilin, China (2) University of Science and Technology of 
China, Hefei, Anhui, China  

Late-transition metal chain-walking polymerization catalysts, because of their abilities to 
produce various branched polyethylenes (PE) from ethylene alone, were distinctively 
fascinating. Although numerous studies have been done so far, exploration of how to 
synthesize PE with desired and specific structure via chain-walking polymerization from 
ethylene is elusive. 
In our works, we designed and synthesized a novel rigid chain-walking catalyst [Pd] that 
successfully produced ultra-highly branched PE with methyl branches (220 Me / 1000 C) 
exclusively from ethylene alone. However, higher temperature resulted in the decrease of not 
only branching degree but also selectivity of branches. In order to overcome it and fulfill 
superior control, we further synthesized a low-cost nickel (II) catalyst [Ni] that enabled the 
exclusive methyl branch pattern with an ultrahigh number (100 ~ 200 Me / 1000 C) over a 
particularly broad temperature range of 30 oC~ 90 oC that meets the industrial process. 
Generally, due to the chain-walking process after polar monomer insertion, chain-end 
functionalization that polar group is at the chain-end of branches was the major result of 
copolymerization. Thus main-chain functionalization was hard to realize. In our works, we 
showed main-chain incorporation of polar monomer using [Pd], key to this strategy was the 
inverted regioselectivity of polar monomer insertion. 
Block polymer is an important material in industry, in our works we demonstrated a one-pot 
reaction that produced block polymers with the sole feedstock of ethylene. Beyond 
temperature and pressure, we found a new and convenient additive to drastically switch the 
branching numbers in [Pd] promoted ethylene polymerization. Key features that a polar 

additive does not induce chain transfer (living 
mode, PDI < 1.10) readily enabled the 
preparation of diblock topologies. With polar 
monomer, functionalized block PE could be 
produced in the same way. 

  



~ 385 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Polythioamides from multicomponent polymerizations of elemental sulfur, diynes, and 
aromatic diamines 

Yuzhang Huang1, wilter.huang@gmail.com, Rongrong Hu2, Ben Zhong Tang3. (1) South 
China University of Technology, Guangzhou, Guangdong, China (3) The Hong Kong 
University of Science and Technology, Hong Kong, China  

Sulfur-containing polymers are a group of fascinating materials and have attracted much 
attention recently, owing to their unique metal coordination ability, high refractive index, and 
rich redox chemistry, which have been applied in noble metal recovery, self-healing, 
optoelectronic devices, etc. However, the dominant factor restricting their development is the 
lack of efficient and economic synthetic methods. Multicomponent polymerizations (MCPs) 
have proved to be a powerful tool for rapidly converting simple monomers to complex 
polymer materials because of their great designability, structural diversity, simple procedure, 
and environmental benefit. Herein, we reported a series of multicomponent polymerizations 
of elemental sulfur, diynes, and aromatic diamines that achieve direct conversion from 
elemental sulfur to polythioamides. The MCPs went smoothly at 80 oC in dimethyl sulfoxide, 
which is also applicable to a range of different monomer structures, affording desired 
polymers with high yields (up to 97%) and high molecular weights (up to 58 400 g/mol). The 
resulting polymers are processable and enjoy high thermal stability, and their structures were 
carefully characterized through FT-IR, 1H, and 13C NMR. Inspired by the coordination 
between gold and thioamide moiety, the polythioamides were applied on the gold recovery 
from the e-waste, and exhibited efficient and selective removal performance, demonstrating a 
kind of promising excellent gold adsorbents. 
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Room temperature multicomponent polymerization of elemental sulfur, pyridyl-
activated alkyne and aliphatic amines 

Lihui Zhang1, zhanglhcc@163.com, Yang Hu1, hyhnlg716@163.com, Rongrong Hu1, 
msrrhu@scut.edu.cn, Ben Zhong Tang1,2,3, tangbenz@cuhk.edu.cn. (1) South China 
University of Technology, Guangzhou, Guangdong, China (2) AIE Institute, Guangzhou, 
Guangdong, China (3) The Chinese University of Hong Kong, Shenzhen, Guangdong, China  

The preparation of polythioamides through multicomponent polymerization involving 
elemental sulfur possesses several advantages such as simple procedure, wide monomer 
scope, catalyst free, and high atom economy. However, elevated temperature in previous 
work was indispensable on the synthesis of polythioamides. Herein, we designed highly 
active alkyne activated by electron-withdrawing unit to increase the reaction efficiency and 
reduce the polymerization temperature. Multicomponent polymerization of elemental sulfur, 
pyridyl-activated alkyne ,and aliphatic diamine was developed to afford different 
polythioamides with clear structures, high yield (98%) and high molecular weight (Mw = 35 
400 g/mol) at room temperature without any catalyst. With the reaction temperature slightly 
increased to 40 °C, the molecular weight increased to 95 100 g/mol in high yield (98%), while 
the polythioamide with relatively low molecular weight (Mw = 59 100 g/mol) and yield (84%) 
synthesized from non-activated 1,3-diethynylbenzene required higher monomer 
concentration at higher temperature of 90 oC. Besides, with the introduction of pyridyl group 
into polymer backbone, the polythioamide obtained a higher enrichment efficiency with a 
lower mass ratio of polymer to mercury ions, owing to the coordination property of the 
pyridine group. Interestingly, the emission of both polythioamides and model compounds 
have blue shifts after being irradiated with 365 nm ultraviolet light for 30 minutes, which is a 
supplement and exploration on the luminescent property of the polythioamide systems. 
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Bonding through entropy 

Sharon C. Glotzer, sglotzerkjc@umich.edu, Thi Vo. Chemical Engineering, University of 
Michigan, Ann Arbor, Michigan, United States  

Many atomic and molecular crystal structures – made possible by chemical bonds – can now 
be realized at larger length and time scales for nanoparticles and colloids via physical bonds, 
including entropic bonds. The structural similarities between colloidal crystals and atomic 
crystals suggest that they should be describable within analogous, though different, 
conceptual frameworks. In particular, like the chemical bonds that hold atoms together in 
crystals, the statistical, emergent, entropic forces that hold hard colloidal particles together in 
colloidal crystals should be describable using the language of bonding. In this talk, we 
present a microscopic, mean-field theory of entropic bonding that permits prediction of 
colloidal crystals in a way that is mathematically analogous to the first principles prediction of 
atomic crystals by solving Schrödinger’s equation or variants thereof. We show how solutions 
to the theory are facilitated by the use of mathematically constructed shape orbitals 
analogous to atomic orbitals, using the same algorithms used in modern electronic structure 
codes for atomic crystal prediction. 
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Starting from staudinger: Diversifying the macromolecular genome through carbonyl 
chain polymerization 

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

Poly(oxymethylene) played an important role in Staudinger's early work in polymer chemistry. 
Polymers like poly(oxymethylene), with acetal linkages in the backbone, have great potential 
as degradable or recyclable materials, and the wide variety of aldehydes and ketones that 
occur naturally or through sustainable transformations of naturally occurring compounds, 
suggests that they also have promise as sustainable materials. Glyoxylate esters are one 
such class of monomers that can be polymerized by treatment with bases, but monomer 
purification is a critical issue and the polymerization mechanism has not been studied in 
detail. We will discuss our efforts to control the polymerization of glyoxylate esters from 
hydroxyl-terminated macroinitiators and to prepare a range of block copolymers with 
degradable polyglyoxylate blocks, including polymers that form hydrogels. Efforts toward 
expanding these polymerization methods to include other monomers and investigating the 
sustainability of these methods will also be discussed. 
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Programming motility of biomimetic systems via enzyme catalysis from fundamentals 
to applications 

Daniela A. Wilson, d.wilson@science.ru.nl. Institute for Molecules and Materials, Radboud 
Universiteit, Nijmegen, Gelderland, Netherlands  

Nanoscale machines that can move autonomously, adapt their response, and deliver cargo 
on demand with high selectivity, represent one of the ultimate goals for researchers in the 
field of nano biotechnology. Inorganic and/or bio-catalytically powered, have been designed 
to reach that goal [1],[2] including the use of enzymatic reactions to power motion at the micro 
and nanoscale[3]. However, as new systems and structures are developed, there is an 
increasing need to understand fundamentally the aspects that affect motion output, beyond 
size, shape, and enzymatic reaction rate. In an effort to expand our knowledge of enzyme-
powered systems, we have employed supramolecular assemblies for the dynamic 
encapsulation of enzymes in a stomatocyte-shaped motor, nanovesicle assembled from 
amphiphilic block copolymers, facilitating catalyst protection and material exchange 
asymmetrically. The folding process can be precisely controlled to generate different complex 
architectures [3] with adjustable openings and selective entrapment. The generation of 
gradients and motor response in such structure, does not depend only on the reaction rate, 
but also on the substrate and product interactions with the soft solid interface, and their effect 
on the particle environment. Applications of these supramolecular motors have also been 
explored, with a major emphasis in stimuli-responsive motion with multi-enzyme devices, with 
potential for on-site treatment. 
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Bioorthogonal chemistry for glycoprofiling and beyond 

Carolyn R. Bertozzi, bertozzi@stanford.edu. Chemistry, Stanford University, Stanford, 
California, United States  

The molecular details of biological processes can be most accurately understood by probing 
biomolecules within their native habitats – in cells, or even better, live organisms. To 
interrogate biomolecules in such complex settings requires the means to selectively modify 
them with imaging probes, affinity reagents, or moieties that perturb function. Toward this 
end, we have focused on the development of chemical reactions that have such exquisite 
selectivity that they can be employed to modify biomolecules even within the environs of live 
organisms. Such “bioorthogonal” chemical transformations include C-C bond forming 
reactions with aldehydes, which we employ for site-specific protein chemical modification, as 
well as reactions of azides that enable in vivo imaging of metabolically labeled 
glycoconjugates. Progress toward the development of chemically modified protein 
therapeutics and methods for imaging disease-related glycans will be discussed in this 
presentation. 
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Some new perspectives on old problems in materials science: Macromolecules 
revisited after six decades 

Michael L. Klein, mlklein@temple.edu. Chemistry, Temple University, Philadelphia, 
Pennsylvania, United States  

The talk will review some of the wonderful discoveries made In the early days of research 
Into chain-like macromolecules. Selective solid state structures will be discussed along with 
attempts to model these systems using molecular simulation based on atomistic and so-
called coarse grain models. 

The nature of the bonding In some simple molecular crystals will be discussed and new 
results of Investigating their condensed phase properties using advanced density functlonal 
theory-based methodologies will be presented. 
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In situ small-angle X-ray scattering studies during the formation of polymer/silica 
nanocomposite particles in aqueous solution 

Adam Czajka, adam.czajka@mail.co.uk, Steven P. Armes. The University of Sheffield, 
Sheffield, Sheffield, United Kingdom  

This study is focused on the formation of polymer/silica nanocomposite particles prepared by 
the surfactant-free aqueous emulsion polymerization of 2,2,2-trifluoroethyl methacrylate 
(TFEMA) in the presence of 19 nm glycerol-functionalized aqueous silica nanoparticles using 
a cationic azo initiator at 60 °C. The TFEMA polymerization kinetics are monitored using 1H 
NMR spectroscopy, while postmortem TEM analysis confirms that the final nanocomposite 
particles possess a well-defined core–shell morphology. Time-resolved small-angle X-ray 
scattering (SAXS) is used in conjunction with a stirrable reaction cell (see Figure) to monitor 
the evolution of the nanocomposite particle diameter, mean silica shell thickness, mean 
number of silica nanoparticles within the shell, silica aggregation efficiency and packing 
density during the TFEMA polymerization. Nucleation occurs after 10–15 min and the 
nascent particles quickly become swollen with TFEMA monomer, which leads to a relatively 
fast rate of polymerization. Additional surface area is created as these initial particles grow 
and anionic silica nanoparticles adsorb at the particle surface to maintain a relatively high 
surface coverage and hence ensure colloidal stability. At high TFEMA conversion, a 
contiguous silica shell is formed and essentially no further adsorption of silica nanoparticles 
occurs. A population balance model is introduced into the SAXS model to account for the 
gradual incorporation of the silica nanoparticles within the nanocomposite particles. The final 
PTFEMA/silica nanocomposite particles are obtained at 96% TFEMA conversion after 140 
min, have a volume-average diameter of 216 ± 9 nm and contain approximately 274 silica 
nanoparticles within their outer shells; a silica aggregation efficiency of 75% can be achieved 
for such formulations. 
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Molecular dynamics simulation of nafion configurations to improve O2 transport 

Nicholas Tiwari, ntiwari@andrew.cmu.edu. Chemical Engineering, Carnegie Mellon 
University, Pittsburgh, Pennsylvania, United States  

Fuel cell technology is key to the advancement of a sustainable energy economy. Polymer 
Electrolyte Membrane Fuel Cells (PEMFCs) are particularly promising. Its relatively high 
power density and low cost makes the PEMFC an ideal candidate for small applications, such 
as transportation, backup power units and distributed power generation. PEMFCs rely on an 
ion-conductive polymer to facilitate energy-producing electrochemical reactions. This ion-
conductive polymer is known as an ionomer, and serves manifold purposes in the PEMFC, 
including oxygen transport to the surface of platinum coated catalyst particles. This research 
considers what structural modifications can be made to a production ionomer (Nafion) to 
improve oxygen transport. Findings indicate that oxygen transport is hindered by a high-
density ionomer layer which forms at the surface of the catalyst particle. The formation of this 
layer is due to the adsorption of charged species on the ionomer to platinum particles on the 
catalyst surface. Structural modification of the ionomer is the most obvious way to mitigate 
this problem. The design space of such modified ionomers is too large to be examined 
through experiments, so computer simulation techniques are used. Here, it makes the most 
sense to use the time-dependent Molecular Dynamics (MD) technique, given that oxygen 
transport is time dependent. 

Simulations indicate that bulky groups on the ionomer main chain, in conjunction with shorter 
side-chains, result in lower density at the ionomer-catalyst interface. Further simulations will 
clarify whether this lower density corresponds to improved oxygen transport. Should these 
modifications correspond to an improvement in oxygen transport, use of the modified ionomer 
in PEMFCs would likely result in dramatically improved reaction dynamics at the catalyst 
surface. This could yield more durable, higher output fuel cells. 
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Spectroscopic signatures of MQ-Resins in silicone elastomers 

April M. Sawvel, sawvel4@llnl.gov, Jonathan C. Crowhurst, Harris Mason, James Oakdale, 
Samantha Ruelas, Hannah Eshelman, Robert S. Maxwell. Physical and Life Sciences 
Directorate, Lawrence Livermore National Laboratory, Livermore, California, United States  

Polysiloxane elastomers have a large application space due to their versatile cross-linking 
chemistry and highly tunable physical and mechanical properties. One approach for 
improving the mechanical integrity of commercial polysiloxane ‘silicone’ elastomers while 
maintaining their optical transparency is the addition of small, silicone-resin molecules to the 
network. However, both the PDMS network and the silicone-resin particles have an 
amorphous structure and complex chemistry which makes the characterization of their 
structural properties and segmental network dynamics difficult. Here, we report the synthesis 
and characterization of a series of model silicone networks modified with MQ-resin using 
Raman and advanced nuclear magnetic resonance (NMR) spectroscopy methods. Raman 
spectroscopy was successfully used to quantify the contribution of the MQ-resin to the 
network, to determine the type of MQ-resin present in the network, and to investigate 
completeness of the network cross-linking reaction. Solid-state and 1H double-quantum (DQ) 
NMR spectroscopies were used not only as a detection method for the MQ-resins, but also to 
quantify changes in the segmental dynamics of the network as a function of MQ-resin 
concentration. The combination of Raman and NMR spectroscopies describe a series of 
samples where the MQ-resin particles and PDMS chains maintain their independent 
segmental dynamics up to high concentrations of MQ-resin (40-50% MQ), where the physical 
properties of the resin dominate the physical properties of the overall network. The results 
from our spectroscopic analyses are consistent with the results from macroscopic 
characterization techniques such as solvent uptake and mechanical testing. The 
spectroscopic insights into the structure-property relationships of PDMS-MQ composites 
presented in this study are a valuable tool not only for the synthesis and reverse engineering 
of future generations of commercial silicone elastomers, but also for understanding the 
mechanisms of aging and degradation over the material lifetime. 
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Effects of self-assembled monolayer structure on conjugated polymer morphology 

Evan J. Silver, esilver@highpoint.edu, Pamela Lundin. Chemistry, High Point University, 
High Point, North Carolina, United States  

Self-assembled monolayers (SAMs) are molecular assemblies that spontaneously adhere to 
surfaces by head groups and can be functionalized at the tail end to modify the properties of 
that surface. For example, SAM structures can be manipulated to alter the conductivity of the 
surface or lead to antimicrobial activity. In this work, we are using SAMs for surface-initiated 
polymerization (SIP) of conjugated polymers to form conjugated polymer brush (CPB) films. 
In particular, we are investigating the impact of the SAM structure on the polymer growth and 
resulting film morphology of CPB films of polythiophene (PT) and poly(3-hexylthiophene) 

(P3HT) on silicon wafers, glass, and gold/chromium-plated surfaces. We will present our 
methodology for synthesis of functionalized SAMs, polymerization, and characterization of 
the resulting CPB films by atomic force microscopy (AFM) and water contact angle 
measurements. 
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Utilizing catalyst-transfer polycondensation to prepare novel conjugated polymer 
structures 

Pamela Lundin, plundin@highpoint.edu. Department of Chemistry, High Point University, 
High Point University, High Point, NC, US, academic, High Point, North Carolina, United 
States  

Catalyst-transfer polycondensation (CTP) has emerged as an important technique for the 
synthesis of conjugated polymers. The chain-growth mechanism of CTP enables more 
control over polymer length and polymer end groups as compared to traditional step-growth 
methods, enabling graft-from methods for preparation of interesting conjugated polymer 
architectures, such as block copolymer, star polymers and surface-grafted polymers. 
Surface-grafted polymers are especially intriguing for organic electronic applications. To 
better understand the interplay between polymer and surface, we have investigated the 
impact of surface functionalization and polymerization parameters on the quality of 
polythiophene films with different alkyl substitution patterns, which we will report here. 
Looking forward to other potential applications for surface-grafted conjugated polymers, we 
will also discuss our work in studying how the electronic properties of phenylene ethynylene 
monomers impact their synthesis by CTP mechanisms. 
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Extraction of sodium alginate from waste sargassum: An optimization approach using 
response surface methodology 

akeem mohammed1, akeem.mohammed08@gmail.com, arianne rivers1, David Stuckey2, 
Keeran Ward1. (1) Chemical Engineering, The University of the West Indies at St Augustine, 
St Augustine, Tunapuna-Piarco, Trinidad and Tobago (2) Imperial College London, London, 
London, United Kingdom  

Sargassum in the Caribbean region has affected the livelihood of several coastal 
communities due to the influx of large quantities of this pelagic brown seaweed in recent 
times. Sodium alginate can be extracted from the cells walls of this seaweed but is known to 
give relatively low yields of borderline quality. Therefore, this study seeks to further optimize 
the alkali extraction process using Box- Behnken response surface design coupled with 
multistage extraction to obtain a higher yield and purity of alginate. Furthermore, insight into 
the physiochemical properties of the extracted S.natans alginate that has never been 
reported is found. The variables investigated were extraction temperature, 

alkali concentration, and excess volume of alkali to Sargassum and extraction time. The 
obtained experimental data were successfully fitted to a second order polynomial equation. 
Optimum conditions were determined to be an extraction temperature of 80OC, 3.75 % w/v 
Na2CO3 , excessvolume of alkali of 12.63 mL for 6 hours and confirmed through validation 
experiments. Multistageextraction at the optimum conditions gave a high yield (28%) and 
after bleaching, high purity alginate (92%) at an extraction efficiency of 86% was obtained. 
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Rheological properties of dually-stimuli responsive block copolymers 

Elizabeth M. Glogowski, emglogowski@gmail.com, Yunyi Huang, Jun Jie Dai, Cavan 
Callahan, Kaylee Erickson, Kai Olson, Benjamin Hamill, Hunter Koltunski. Materials Science 
& Biomedical Engineering, University of Wisconsin-Eau Claire, Eau Claire, Wisconsin, United 
States  

Poly(2-(dimethylamino)ethyl methacrylate) or PDMAEMA dramatically switches properties, 
including viscosity, solubility, and interfacial tension, as a function of temperature and pH. 
The stimuli-responsive properties directly depend on the polymer architecture and block 
copolymer structure when combined with polyethylene glycol as diblock and triblock 
copolymers. Controlling the stimuli-responsive behavior enables tuning of the properties for 
applications such as architectural coatings, including paints, primers, and stains, as well as 
other advanced applications including for enhanced oil recovery or as rheological modifiers. 
Diblock and triblock copolymers were synthesized using Activators ReGenerated by Electron 
Transfer Atom Transfer Radical Polymerization, or ARGET ATRP, in order to control block 
length, molar ratio, and polymer dispersity. Block copolymers were characterized using UV-
Visible spectroscopy to determine the cloud point temperature and changes to water 
solubility. Dynamic light scattering was used to determine if aggregation or micelle formation 
occured above the cloud point. The viscosity of aqueous polymer solutions and titanium 
dioxide dispersions were measured as a function of polymer concentration, polymer 
composition, and shear rate to determine the effectiveness of block copolymers to act as 
polymer dispersants for architectural coatings. The viscoelasticity of polymer solutions was 
measured as a function of polymer composition to determine the effect of frequency and 
temperature on the crossover point and gel point of stimuli-responsive block copolymers with 
controlled block structure. 
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Water-responsive self-repairing superomniphobic surfaces via regeneration of 
hierarchical topography 

Mohammadamin Ezazi, Bishwash Shrestha, GIBUM KWON, gbkwon@ku.edu. Mechanical 
Engineering, The University of Kansas, Lawrence, Kansas, United States  

Superomniphobic surfaces that can self-repair physical damages are desirable for 
sustainable performance over time in many practical applications that include self-cleaning, 
corrosion resistance, and protective gears. However, fabricating such self-repairing 
superomniphobic surfaces has thus far been a challenge because it necessitates the 
regeneration of both low surface energy materials and hierarchical topography. Herein, a 
water-responsive self-repairing superomniphobic film is reported by utilizing crosslinked 
hydroxypropyl cellulose (HPC) composited with silica (SiO2) nanoparticles (HPC-SiO2) that is 
treated with a low surface energy perfluorosilane. The film can repair physical damage (e.g., 
scratch) in approximately 10 s by regenerating its hierarchical topography and low surface 
energy material upon application of water vapor. The repaired region shows an almost 
complete recovery of its inherent superomniphobic wettability and mechanical hardness. The 
repairing process is driven by the reversible hydrogen bond between the hydroxyl (-OH) 
groups which can be dissociated upon exposure to water vapor. This results in a viscous flow 
of the HPC-SiO2 film into the damaged region. A mathematical model comprised of viscosity 
and surface tension of HPC-SiO2 film can describe the experimentally measured viscous flow 
with reasonable accuracy. Finally, we demonstrate that the superomniphobic HPC-SiO2 film 
can repair physical damage by a water droplet pinned on damage or by sequential rolling 
water droplets. 
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Stereoretentive olefin metathesis polymerizations to access polyalkenamers and 
poly(phenylene vinylene)s with high cis content 

Ting-Wei Hsu, timothy791210@tamu.edu, Samuel Kempel, Quentin Michaudel. Chemistry, 
Texas A&M University, College Station, Texas, United States  

Due to recent advances in olefin metathesis catalyst development, research on unsaturated 
polymers such as polyalkenamers and poly(arylene vinylene)s has bloomed. The olefin 
metathesis process is usually prone to deliver alkene products in the thermodynamically 
stable configuration, which is the trans(E) form in most cases. As a result, polymers with 
high- to all-cis double bonds are relatively rare compared to their trans counterparts. Notably, 
the olefin configuration indeed has tremendous influence on polymers properties. For 
example, cis polyisoprene exhibits a more flexible texture, while the trans congener is shown 
to be stiffer. In addition, cis and trans poly(phenylene vinylene) also manifest significant 
differences in optical and physical properties. 

Therefore, the development of stereoselective olefin metathesis polymerization has been 
considered critical to broaden the application of these polyalkenamers. Among these, 
stereoretentive metathesis that permits the retention of olefin configuration during the 
metathesis process has attracted attention for its outstanding stereoselectivity. Given that 
ROMP is one of the most widely-used controlled polymerizations and many monomers are 
inherently in the cis form, stereoretentive ROMP has been successfully exploited to obtain 
polyalkenamers and poly(arylene vinylene)s with high- to all-cis structures. In addition to 
ROMP, stereorententive acyclic diene metathesis (ADMET) polymerization was developed to 
take advantage of the streamlined synthesis of diene monomers. This protocol delivered a 
variety of high- to all-cis polyalkenamers, demonstrating high functional group tolerance. We 
anticipate these stereoselective olefin metathesis polymerizations to enrich the applications 
of polyalkenamers with tunable properties based on the cis to trans ratio. 
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Synthesis and Self-Assembly of novel high-χ block copolymers 

Polyxeni Angelopoulou2,3, pangelop@utk.edu, George Sakellariou3, Jihua Chen1, Jong 
Keum1, Kunlun Hong1. (1) Oak Ridge National Laboratory, Oak Ridge, Tennessee, United 
States (2) The University of Tennessee Knoxville Tickle College of Engineering, Knoxville, 
Tennessee, United States (3) Ethniko kai Kapodistriako Panepistemio Athenon, Athens, 
Attica, Greece  

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 high 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 based on a methacrylate 
derivative with high Flory-Huggins (χ) interaction parameter. Controlled polymerization with 
high-vacuum techniques were employed in the synthesis of these polymers in order to 
structure control(low dispersity and precisely molecular weight control). These block 
copolymers were characterized both molecularly and morphologically with a range of 
techniques, including nuclear magnetic resonance spectroscopy (NMR) and size exclusion 
chromatography (SEC), small-angle X-ray scattering (SAXS), and Transmission Electron 
Microscopy (TEM). 
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Chain transfer to solvent in BN 2-vinylnaphthalene radical polymerization 

yuyang Ji, yji14@jhu.edu. Chemistry, Johns Hopkins University, Baltimore, Maryland, United 
States  

BN 2-Vinylnaphthalene (BN2VN) has been demonstrated to be a promising alternative to 
vinyl acetate for the synthesis of polyvinyl alcohol (PVA) copolymers. However, the molecular 
weight (MW) of BN2VN copolymers is limited to the ca. 103 Da level. Hypothesizing that 
chain transfer from propagating BN2VN radical to organic solvents could account for low 
molecular weights, in this work, a comparison of the chain transfer constant between BN2VN 
and Styrene (St) in different organic solvents was made by using the Mayo plot method. The 
possible chain transfer mechanism from BN2VN to toluene is also proposed by comparing 
the radical stabilization energies and analyzing the aromaticity of BN rings. Besides 
determining the chain transfer constant, the influence of the solvent, temperature, and 
initiator concentration on BN2VN polymer molecular weight was disclosed. With all these 
conditions under control, BN2VN polymers with MW around 105 Da were successfully made, 
which indicates that BN polymers are promising compounds to make long-chain amphiphilic 
polymer and gel materials. 
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Does selectivity of molecular catalysts change with time? Polymerization imaged by 
single-molecule spectroscopy 

Antonio Garcia, aigarci1@uci.edu. Chemistry, University of California Irvine, Irvine, 
California, United States  

The chemoselectivity of molecular catalysts underpins much of modern synthetic organic 
chemistry. However, little is known about the selectivity of individual catalysts because this 
single-catalyst-level behavior is hidden by the bulk catalytic behavior. Here, for the first time, 
the selectivity of individual molecular catalysts for two different reactions is imaged in real 
time at the single-catalyst level. This imaging is achieved through fluorescence microscopy 
paired with spectral probes that produce a snapshot of the instantaneous chemo-selectivity of 
a single catalyst for either a single-chain-elongation or a single-chain-termination event 
during ruthenium-catalyzed polymerization. Superresolution imaging of multiple selectivity 
events, each at a different single-molecular ruthenium catalyst, indicates that catalyst 
selectivity may be unexpectedly spatially and time-variable. 
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Role of chain dynamics in thermal diffusion of dilute polymer solutions 

Michael Toney1, mtoney@mines.edu, David M. Meunier2, Edwin Mes2, Yongfu Li2, Ryan 
Baumgartner3, Wei Gao2, Kim R. Williams1. (1) Chemistry, Colorado School of Mines, 
Golden, Colorado, United States (2) Core Research and Development Analytical Science, 
The Dow Chemical Company, Midland, Michigan, United States (3) Dow Performance 
Silicone, The Dow Chemical Company, Midland, Michigan, United States  

The glass transition temperature (Tg) is routinely used to characterize polymers as it yields 
useful information about processability and physical properties. A lesser-known property of 
polymers is the thermal diffusion coefficient (DT), which is a measure of flux induced by a 
temperature gradient. This transport process has been leveraged in thermal field-flow 
fractionation (ThFFF) to drive separations and characterize polymers. It has been shown that 
DT is unique for polymers (molar mass >1 kDa) of different compositions and tacticities. This 
allows for the separation of polymers by size and composition. Recently it was demonstrated 
that ThFFF can also yield information about polymer branching. 

Various models have been introduced to explain thermophoresis and its correlation with 
polymer and solvent attributes. Due to the dependence of DT on molar mass (<1-10 kDa), 
Kohler predicted a dependence on chain stiffness. This is the basis for our hypothesis that 
there may be a correlation between the glass transition temperature Tg and DT. Experimental 
Tg and DT were obtained from literature sources and compared. A linear relationship with only 
a few exceptions was observed for polybutadiene (1-4 and 1-2), polyisoprene, poly(butyl 
acrylate), poly(methacrylate), poly(methyl methacrylate), polystyrene, and poly(a-
methylstyrene). Polymer Tg, as described by the locally correlated lattice model, strongly 
correlates with the entropy per segment of a polymer chain. These relationships imply that 
segmental entropy may be used to further probe thermal diffusion phenomenon. Current 
models focus only on the enthalpic interactions between polymer and solvent. This work 
presents a step towards a more complete description of thermal diffusion of polymers in dilute 
solutions. 
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Influence of the chemical structure of poly(styrene sulfonate) on mixed ionic and 
electronic transport in PEDOT:PSS 

Chun-Yuan Lo1, cylo@udel.edu, Yuhang Wu2, Elorm Awuyah1, David C. Martin2, Laure V. 
Kayser2,1. (1) Chemistry and Biochemistry, University of Delaware College of Arts and 
Sciences, Newark, Delaware, United States (2) Materials Science and Engineering, 
University of Delaware College of Engineering, Newark, Delaware, United States  

Organic mixed ionic-electronic conductors (OMIECs) are conjugated polymers able to 
efficiently transport ionic and electronic charges. OMIECs have therefore been successfully 
used in neuromorphic devices and as transducers between ionic and electronic signals in 
organic electrochemical transistors (OECTs). The poly(3,4-ethylene 
dioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) is arguably the most successful 
OMIEC; it has been extensively used due to its stable dispersed form in water, high electrical 
conductivity (~1000 S cm−1), and good volumetric capacitance (~40 F cm−3). However, 
important molecular parameters such as molecular weight, dispersity, and degree of 
sulfonation of PSS are not specified. Previous studies have shown that these parameters 
significantly affect the electronic conductivity of PEDOT:PSS. Electronic conductivity, 
however, is often inversely correlated to ionic conductivity and volumetric capacitance. We 
therefore studied the effect of the molecular structure of PSS on the OMIEC behavior of 
PEDOT:PSS. We used RAFT polymerization with ‘good’ and ‘poor’ chain transport agents to 
synthesize PSS samples with controlled molecular weights (Mn between 33 kDa and 145 
kDa), and low and high dispersity (PDI = 1.1 or 1.7). Our results show that increasing the 
molecular weight of PSS improves the electrical conductivity, but has little effect on its 
volumetric capacitance. We also found that having low dispersity leads to higher volumetric 
capacitance (more efficient ionic-electronic coupling) than high dispersity, but similar 
electronic conductivity. Together, these molecular parameters affect the morphology of the 
PEDOT:PSS films and ultimately their performance in OECTs: the highest transconductance 
was observed for samples with a high molecular weight and a broad dispersity of PSS. Our 
studies will pave the way to a better understanding of mixed ionic-electronic transport in 
PEDOT:PSS. 

 

 
  



~ 406 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Ionic covalent adaptable networks enabled by neighboring group participation 

Lindsay Robinson1, lindsay.lee.robinson@gmail.com, Zhishuai Geng2, Jeffrey Self1, Eden 
Taddese2, Christopher M. Bates2,3, Javier Read De Alaniz1, Craig J. Hawker1,2. (1) Chemistry, 
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  

Covalent adaptable networks (CANs), unlike traditional thermosets, have reprocessing and 
chemical recycling potential due to the presence of stimuli-responsive, reversible chemical 
crosslinks. Neighboring group participation (NGP), a strategy commonly used in organic 
chemistry to increase the rate of a reaction, can expedite thermally gated crosslinker 
exchange and eliminate the need for external catalysts in CANs. In this work, we use a 
synthetically adaptable bicyclo[3.3.1]nonane (BCN) dichloride crosslinker scaffold, which 
allows facile access to sulfur, selenium, and nitrogen-based anchimeric assistance. By 
reacting this library of small molecule, bis-alkyl halide crosslinkers with linear pyridine-
functionalized polymers, CANs with ionic character are readily generated. Stress relaxation 
experiments demonstrate that anchimeric assistance in the solid state transalkylation 
exchange results in a non-trivial decrease in the characteristic relaxation time relative to a 
non-NGP benchmark. Moreover, tunable Arrhenius-dependent viscous flow behavior is 
achieved by simply varying the internal nucleophile (S, Se, or N) within the BCN-crosslinker 
platform. Because of modular the macroscopic flow afforded by the internal nucleophile of the 
BCN crosslinkers, the materials can be thermally reprocessed to regenerate percolating 
networks. Subsequent chemical recycling of the reprocessed CANs results in recovery of the 
pyridine polymer starting material, which composes greater than 90 weight percent of the 
parent network. In summary, these nucleophilic NGP-based networks represent an ionic CAN 
platform with extensive structure-property tunability while also addressing pressing thermoset 
recycling goals. 
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Polyethylene oxide solution blown nanofibrous nonwovens for protease 
immobilization 

Fnu Asaduzzaman, fasaduz@ncsu.edu, Sonja I. Salmon. Textile Engineering, Chemistry 
and Science, North Carolina State University, Raleigh, North Carolina, United States  

Unique enzyme functionalized solution blown nonwoven (EFSBN) fibers were produced by a 
single-step solution blow spinning (SBS) method that utilizes high velocity gas to 
simultaneously extrude the co-dissolved polymer-solvent-enzyme spinning solution and 
evaporate solvent at mild conditions to form a nanofibrous web with preserved enzyme 
activity. A broad concentration range of (0.5-10 wt% protein) of subtilisin A protease from 
Bacillus licheniformis was successfully entrapped/encapsulated by polyethylene (PEO) during 
solution blow spinning nonwoven web production. The presence of enzyme protein in the 
solid nanofibers was detected by Fourier Transform Infrared Spectroscopy (FTIR). As shown 
by scanning electron microscopy (SEM), the fiber shape and diameter of PEO nanofibers 
containing enzymes was irregular compared to PEO-only nanofibers. Residual enzyme 
activity in the webs was measured by redissolving fibers in buffer and comparing the released 
enzyme activity to non-immobilized free enzyme using a casein substrate-based assay. 
Redissolved protease had a similar optimum temperature and pH compared to free enzyme. 
Immobilized protease (1 wt% protein in solid dry nanofiber webs) retained more than 90% of 
the free enzyme activity. Protease immobilized in solid nanofiber webs exhibited long storage 
stability at ambient (~22 °C) and 4 °C temperature storage conditions, with more than 50% 
remaining catalytic activity after 10 months compared to the initial activity. Immobilized 
protease in solid PEO nanofiber webs showed good thermal stability, like commercial liquid 
stabilized protease, and retained above 85% of its initial activity after treatment for 12 hrs at 
65 °C. In contrast, free enzyme in buffer lost activity within 2 hrs at the same temperature. 
The non-dusting, readily aqueous-soluble EFSBNs solid materials are easy to handle and 
have good storage stability compared to liquid products. 
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Rapid visible to near-infrared digital light processing 3D printing 

Lynn M. Stevens, lmstevens@utexas.edu, Clotilde Tagnon, Zachariah A. Page. Chemistry, 
The University of Texas at Austin, Austin, Texas, United States  

Additive manufacturing has revolutionized a myriad of research areas spanning engineering, 
chemistry, materials science, and biology. The arena of 3D printing has recently been 
dominated by light-induced polymerization methods, which use light to polymerize liquid 
resins into solid objects. These methods have gained considerable interest due to 
unparalleled combinations of speed, high resolution, small instrument size, and low cost. 
However, there are several challenges to be met through chemical innovation to facilitate 
faster printing times, milder operating conditions, higher feature resolution, improved 
functional group tolerance, and enhanced biocompatibility. Previous work has addressed 
each of these issues by both developing novel panchromatic resins and synthesizing 
photocatalysts to achieve rapid high resolution efficient visible to far-red light 3D digital light 
processing printing. Pushing from far-red to near-infrared (NIR) printing has not yet been 
achieved but is desirable owing to its low energy, cost, and greater penetration depths, with 
potential to facilitate biocompatible and composite printing. This presentation focuses on the 
development and characterization of novel visible to NIR sensitive photopolymer resin 
components for rapid high-resolution 3D printing. 
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Adsorbent, click nanoparticle networks for water purification synthesized by 
combining photoATRP-induced self-assembly with CuAAC 

Ali Shahrokhinia2, ali_shahrokhinia@student.uml.edu, Sahaj Rijal3, Busra Sonmez 
Baghirzade4, Randall A. Scanga1, Priyanka Biswas1, Shayesteh Tafazoli5, Onur Apul4, James 
F. Reuther5. (2) Chemistry, University of Massachusetts Lowell, Lowell, Massachusetts, 
United States (4) Civil and Environmental Engineering, University of Massachusetts Lowell, 
Lowell, Massachusetts, United States  

One-pot Photo-controlled atom transfer radical polymerization induced self-assembly 
(PhotoATR-PISA) mediated by UV light (λ = 365 nm) using parts per million (ppm) levels (ca. 
<20 ppm) of a copper catalyst was utilized to obtain polymer nanostructures with variable 
morphologies, ranging from nanospheres to worm-like micelles to vesicles, at ambient 
temperature. Using CuBr(II)/tris(pyridin-2-ylmethyl)amine (TPMA) catalyst systems and 
functional ATRP initiators, sequential chain extension starting from solvophilic 
poly(oligo(ethylene oxide) methyl ether methacrylate) (POEGMA) macroinitiator to PISA 
implementation, with different proportions of glycidyl methacrylate (GMA) and/or benzyl 
methacrylate (BMA) core-forming blocks, were performed in one-pot to obtain alkyne 
functional polymer nanoparticles. Remarkably, multiple, iterative chain extensions were 
accomplished introducing additional GMA and BMA monomers in multiple steps in constant 
solvent volume, leading to stable nanoparticle dispersions with extraordinary records for final 
solid concentrations of 63 w% and 79 w%, respectively. Core cross-linked nanoparticles 
(CCL NPs) were synthesized by incorporating N,N-cystamine bismethacrylamide (CBMA) 
crosslinkers in later stage chain extensions providing a route to CCL worms and spheres. 
Furthermore, It was demonstrated that introducing BMA and GMA in varying orders 
sequentially to synthesize sequence-controlled gradient copolymers had limited effects on 
final nanoparticle morphology. Finally, utilizing the copper(I)-catalyzed azide-alkyne 
cycloaddition (CuAAC) click reactions between alkyne-functionalized NPs and bisazide, 
telechelic poly(ethylene glycol) (PEG), nanostructured networks were fabricated consisting of 
spherical and worm-like micelle morphologies. The interstitial porosity of these ClickNP 
networks allows them to be potent adsorbents with explored applications as water purification 
materials demonstrated via the rapid uptake of phenanthrene from aqueous solutions. 
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Synthesis and characterization of copolymers from diallyldimethylammonium 
hexafluorophosphate and methyl methacrylate 

Alison R. Biery, abiery@mines.edu, Daniel M. Knauss. Chemistry, Colorado School of 
Mines, Golden, Colorado, United States  

The cationic polymer poly(diallyldimethylammonium chloride) (PDADMAC) is important for 
various applications including water purification, electrochemistry, and paper and textile 
modification. However, the uses of PDADMAC are limited due to its high water solubility. One 
method for producing water-insoluble materials incorporating DADMAC would be through the 
copolymerization with a hydrophobic vinyl comonomer, but the copolymerization of 
monomers with different solubilities and polarities is inherently challenging. This work 
presents the bulk copolymerization of diallyldimethylammonium hexafluorophosphate 
(DADMA(PF6)) and methyl methacrylate (MMA). The ion exchange of DADMAC from chloride 
to hexafluorophosphate yielded a water insoluble form of the ammonium monomer that is 
soluble in MMA. Copolymerization was successfully carried out over a wide range of 
monomer feed ratios that correlate strongly to the composition of the final copolymer. The 
highly tunable nature of the copolymerization made it possible to incorporate large 
percentages of either monomer. Studies of copolymer composition at a range of reaction 
times indicated the incorporation of MMA was slightly favored over that of DADMA(PF6). 
While all copolymers formed water-insoluble freestanding films, those with high 
incorporations of MMA had additional strength, flexibility, and clarity. The facile, reproducible 
polymerization method developed herein prepared copolymers containing 
diallyldimethylammonium moieties that can be processed into hydrophobic polymer films. 
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Syntheses of main-chain poly(fullerene)s and varying properties by changing 
comonomer links 

Roger C. Hiorns1, roger.hiorns@univ-pau.fr, Jessyka Bittencourt2, Eleftheria Batagianni2, 
Hasina Ramanitra2, Meera Stephen2, Lucas K. Roncaselli4, Maria L. Braunger4, Paricia T. 
Campana3, Didier Bégué2, Clarissa d. Olivati4. (1) Centre National de la Recherche 
Scientifique, Paris, Île-de-France, France (2) Universite de Pau et des Pays de l'Adour, Pau, 
Nouvelle-Aquitaine, France (3) Universidade de Sao Paulo, Sao Paulo, São Paulo, Brazil (4) 
Universidada Estudial Paulista, Sao Paulo, Brazil  

While fullerenes have been well-studied, their polymers remain a relatively unknown class of 
materials, and remain curiosities with regards applications, mostly due to the expense of the 
starting materials. This work looks at the exploration of a range of syntheses to prepare 
poly(fullerene)s where ease, low numbers of synthetic steps, and high yields are therefore 
prioritised. Interestingly, the type of chemistry used can impact not only qualities such as 
molar masses, dispersities, and predisposition to further chemistries, but also leads to 
variations in optical and electronic properties, such as those shown in the Figure. Particularly 
striking are the wide changes in macromolecular stabilities, making these materials not only 
of interest for photovoltaics but also possibly opening the door to medical applications such 
as drug delivery systems. 
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Rapid synthesis of thermoset elastomers with tunable thermomechanical properties 

Morteza Ziaee, morteza.ziaee@gmail.com, Mostafa Yourdkhani. Mechanical Engineering, 
Colorado State University, Fort Collins, Colorado, United States  

Stretchable polymeric elastomers with tunable mechanical properties are of great interest for 
a variety of applications. In this work, we demonstrate rapid, solvent-free synthesis of highly 
stretchable elastomers based on frontal polymerization of dicyclopentadiene and linseed oil 
at ambient temperature. A series of thermoset copolymers with different comonomer ratios 
were readily prepared to produce polymers with a wide range of ultimate elongation (10 % to 
360 %), elastic modulus (1.1GP to 0.52 MPa), and glass transition temperature, Tg, (117°C to 
10°C). The highly stretchable and flexible elastomers with subambient glass transition 
temperatures exhibit self-recovery after large mechanical deformations. As a proof-of-
concept, a 3D periodic microlattice with substantial flexibility and compressibility were printed 
using highly stretchable thermoset elastomer. We envision that new developed method 
enables rapid and energy-efficient manufacturing of 3D constructs for a wide range of 
applications including fabricating functionally graded structures, energy harvesters, 
stretchable sensors, etc. 
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Polyisocyanide self-assembly: From polymerization-induced self-assembly (PISA) to 
polymerization-induced crystallization-driven self-assembly (PI-CDSA) 

Randall A. Scanga, randall_scanga@uml.edu, Ali Shahrokhinia, Jake Borges, Priyanka 
Biswas, James F. Reuther. Chemistry, University of Massachusetts Lowell, Lowell, 
Massachusetts, United States  

Helical polymer scaffolds provide unique opportunities for the collective organization of 
functional elements such as ligands, dyes, electroactive and/or catalytically active elements. 
Applying recently developed strategies for self-assembly such as polymerization-induced 
self-assembly (PISA) and crystallization-driven self-assembly (CDSA) to these privileged 
templates yields unique asymmetric assemblies with potentials for the fabrication of next 
generation devices. In this regard, the primary thrust of our current investigations targets the 
development of bottom-up fabrication methods for the construction of precision inorganic 
nanostructures. Utilizing transition metal mediated living polymerizations of aryl isocyanides 
(AICs), we rapidly generate a diverse array of nanostructures with fine control of morphology, 
chirality and dimensions. Further, we present a robust modular strategy for attachment of a 
family of Ni(II) initiators to macromolecular coupling partners thereby enabling the synthesis 
of a variety of novel macroinitiator structures. Employing simple solvent tuning strategies, the 
targeted creation of a wide variety of nanostructures (i.e. 1D fibers, tapes, lamellae and 
superhelical bundles) is demonstrated. Performing PISA and CDSA in tandem, we generate 
seed particle dispersions suitable for PI-CDSA to rapidly afford highly ordered, uniform 
assemblies. Finally, using tandem AIC and ROMP polymerizations we attempt to synthesize 
bottle-brush unimolecular soft templates; we anticipate the approach will mitigate issues 
associated with the use of comparable micellar templates (i.e. mass transport/diffusional 
constraints). 

 
  



~ 414 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

A Meso-scale computational approach to fundamentally understand blending 
thermodynamics between polymers and single-wall carbon nanotubes 

YICHEN DENG, yichendeng@outlook.com. MIE, Northeastern University, Boston, 
Massachusetts, United States  

Carbon nanotubes (CNTs) have been known as superior reinforcement fillers for composite 
materials because they exhibit a combination of multiple exceptional properties. Previous 
work has demonstrated that low loadings of CNTs in matrix materials can lead to a significant 
enhancement of mechanical properties. High reinforcement efficiency is dependent upon 
good dispersion quality and exfoliation of the CNT in the matrix material. While the strong 
inter-tube Van der Waals interactions make the uniform distribution of CNT hard to 
accomplish. Previous work in the MINUS Lab has shown that non-solvent induced phase 
separation can drive the formation of CNT-polymer blended phase with extraordinary 
dispersion quality. This process gives rise to a potential tool for promoting dispersion and 
blending in the nanocomposite for various combinations of materials. However, the 
fundamental understanding of the mechanisms driving dispersion in this phase separation 
remains unclear. This is due to the ‘invisible’ nature of the system (due to opacity) and 
difficulty monitoring the thermodynamics in the system. For this reason, a computational 
approach was developed to assist with understanding the mechanism behind the phase 
separation phenomenon and inherent polymer-CNT interaction. Atomic- and mesoscale 
models were constructed and successfully reproduced the phenomena observed in the 
experimental work. Further experimental validation was performed to quantitatively confirm 
the feasibility of the computational model. The thermodynamic profile and conformation of 
each component was tracked using the verified simulation model, 
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Synthesis of hyperbranched polymers with freely tuned branching density by a 
copper-catalyzed azide-alkyne click polymerization 

Kangling Ma, kma@nd.edu, Xiaosong Cao, Weiping Gan, Haifeng Gao. University of Notre 
Dame, Notre Dame, Indiana, United States  

Precise control of degree of branching (DB) is one of the primary limits in traditional 
hyperbranched polymer synthesis. In this presentation, we reported three pathways to 
synthesize hyperbranched polymers with predictable and tunable DB in a one-pot copper-
catalyzed azide-alkyne cycloaddition (CuAAC) reaction. The introduction of rationally 
designed B3 core initiator was a straightforward strategy, and it was found that the DB of 
produced hyperbranched polymers could be tuned by changing the ratio of [Cu]0:[B3]0. 
Besides, it was confirmed that the catalytic species significantly affected the DB depending 
on the Cu ligand’s species and size. To achieve full-range DB tuning, the copolymerization of 
trifunctional AB2 monomer and difunctional AB1 monomer was also investigated. The DB of 
produced hyperbranched copolymer was highly tunable from 0-0.78, depending on the feed 
ratio of [AB2]0:[AB1]0. We expect these techniques to be universal tools to introduce different 
functionality in hyperbranched structures while predictable DB are achieved. 
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Elucidating the stereo-electronic effect of phenyl substituents on thermal properties: A 
study on Oxazine-Ring un-substituted and di-substituted benzoxazine monomers & 
polymers 

Sourav Mukherjee, sm271@snu.edu.in, Bimlesh Lochab. Chemistry, Shiv Nadar University, 
Greater Noida, Uttar Pradesh, India  

Polybenzoxazines (PBz), an emerging class of thermosets, offer superior properties at a 
comparatively lower cost. The advantages of PBz comprise but are not limited to excellent 
thermal and mechanical properties, near-zero shrinkage upon polymerization, good chemical 
and water resistance, high char yield, molecular design flexibility, etc. Furthermore, 
benzoxazine (Bz) monomers can be easily processed under catalyst-free thermal ring-
opening polymerization (ROP), thus enabling industrial sustainability. Tailoring new structural 
motifs in monomer to enhance the performance of PBz and thus bringing suitability to a vast 
domain of applications is the recent trend among polymer scientists. 

The inclusion of phenyl-substitution at the oxazine ring is an effective strategy to regulate 
properties of monomers and polymers is discussed in this piece of work, as shown in abstract 
Figure. 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 using DSC and TGA respectively. Intramolecular interaction and stereo-
electronic effect of phenyl ring plays an active role in controlling mass-loss and thus thermal 
stability during polymerization, as corroborated from TGA-GC-MS, crystal structure analysis, 
and NBO calculation. Mass loss during polymerization, a major problem associated with the 
first generation un-substituted monomer, is overcome largely by the substitution at the 
oxazine ring, i.e., with the latest fourth-generation di-substituted benzoxazine. Hence, 
structural engineering appears as an attractive strategy to design the latest formaldehyde-
free 4th generation high-performance PBz thermosets. 

 

 
 

Figure: Oxazine-ring un-substituted and di-substituted benzoxazines and their thermal performances 
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Thermal frontal polymerization of dicyclopentadiene in different staging conditions 

Morteza Ziaee, morteza.ziaee@gmail.com, Mostafa Yourdkhani. Mechanical Engineering, 
Colorado State University Walter Scott Jr College of Engineering, Fort Collins, Colorado, 
United States  

Thermal frontal polymerization (FP) has recently been introduced as a promising and energy-
efficient curing strategy for the manufacture of thermoset polymers, where a self-sustaining 
exothermic reaction wave propagates through the monomer and rapidly transforms the resin 
to a solid polymer. This study aims to identify the effect of staging conditions on resin stability 
and thermal front properties during frontal ring opening metathesis polymerization (FROMP) 
of dicyclopentadiene (DCPD) in the presence of phosphite-inhibited second-generation 
Grubb’s catalyst. Different resin solutions containing variable inhibitor concentrations were 
prepared and staged in an incubator oven at different times and temperatures. After 
preparing the resin solution, the FROMP was initiated and front velocity, activation time, and 
front temperature of the FP reaction were measured. The results indicate that the front 
properties are highly affected by several parameters including available energy density of 
resin, stability of catalyst-inhibitor complex, initial resin temperature, and resin viscosity. We 
found that an increase in staging temperature accelerates the gelation process, but it reduces 
resin pot lives, front propagation, and activation times, while increasing front temperature. 
Additionally, an increase in inhibitor concentration results in longer resin pot lives, slower 
fronts, and higher activation times and front temperature. The findings from this study could 
be applied to other FP curing resin systems to design new manufacturing processes where a 
desired resin viscosity, resin reactivity, and pot life are required. 
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Scalable synthetic mucus 

Manuel A. Lema1,2, lmmanuellema15@gmail.com, Ilse B. Nava2,3, Antonio R. Cerrullo2,3,4, 
Adam B. Braunschweig2,3,5. (1) Department of Chemistry, The City College of New York, New 
York, New York, United States (2) CUNY Advanced Science Research Center, New York, 
New York, United States (3) Department of Chemistry and Biochemistry, Hunter College, 
New York, New York, United States (4) The PhD program of Biochemistry, CUNY The 
Graduate Center, New York, New York, United States (5) The PhD program in Chemistry, 
CUNY The Graduate Center, New York, New York, United States  

There exists a need for new organic materials for anti-fouling coatings, carriers for vaccines, 
composites for additive manufacturing, adhesives, lubricants, and for substrates that mediate 
the biotic/abiotic interface. Many animals achieve these functions by secreting mucins – high 
molecular weight (Mw), heavily glycosylated proteins that form mucus hydrogels. Efforts to 
create synthetic materials that mimic the structure of natural mucuses, particularly their highly 
glycosylated peptide backbone and on large scales, have been hindered by substantial 
synthetic challenges. Here, we employed the ring-opening polymerization of glycosylated N-
carbohyanhydride (NCA) monomers to prepare the synthetic mucins, and have explored how 
solvent, catalyst, and other reagents affect the polymerization. In doing so, we have found 
mild, living polymerization conditions that achieve high molecular weight polymers with 
narrow polydispersity indices and control over molecular weight. The development of 
synthetic mucins that reproduce the behaviors of their natural counterparts are attractive for 
meeting future soft matter needs, including as adhesives that operate in liquids, barrier 
coatings, biocompatible composites, and cosmetics. 
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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. 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. 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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Carboxytelechelic polyethylene within polycondensation for preparation of segmented 
copolymers 

Anastasia Arrington1,2, aarrington@asu.edu, James R. Brown1,2, Timothy E. Long1,2. (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  

The synthesis and characterization of polyethylene (PE) segmented polymers containing 
ester linkages is described herein. The synthetic process began with production of low Mn PE 
segments with two carboxylic acid endgroups, and subsequent reaction with a diacid and diol 
to generate segmented polyesters. Molecular weight and endgroup control of PE segments 
was achieved through cross-metathesis ring-opening metathesis polymerization of 
polycyclooctene, which enabled installation of carboxylic acid endgroups within a double 
bond-containing PE precursor, polycyclooctene. Upon reduction of polycyclooctene through 
treatment with diimide reducing agent, difunctional PE segments were obtained. Melt 
polymerization of the low Mn PE segments with diols and diacids enabled production of robust 
segmented copolymers. The thermal and mechanical properties of the segmented 
copolymers corresponded to PE segment content, with high PE content polymers exhibiting 
remarkably similar performance to conventional HDPE. The segmented polymers displayed 
desirable physical properties while introducing susceptibility to degradation through the ester 
linkages, thus providing a more sustainable alternative to HDPE for industrial applications. 
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Developing a modular magnetic nanoplatform for protein immobilization 

Xiuyu Jin, xjin3@nd.edu, Quanhui Ye, Na Wei, Haifeng Gao. University of Notre Dame, 
Notre Dame, Indiana, United States  

Immobilization of proteins on magnetic nanoparticles (MNP) is an effective approach to 
improve protein stability and facilitate separation of immobilized protein for repeated uses. In 
this presentation, we discussed our recent development that utilized the efficient SpyTag-
SpyCatcher chemistry for conjugation of functional proteins onto the surface hair polymers of 
MNPs and established a robust magnetic-responsive nanoparticle platform for protein 
immobilization. Within our studies, high conjugation capacity of EGFP-SpyCatcher proteins, 
up to 73.5 ± 3.3 μg-Protein/mg-MNP was achieved, showing high efficiency and specificity for 
conjugating SpyCatcher-fused protein. Moreover, we proved the concept that the EGFP-
SpyCatcher proteins immobilized on the MNP platform exhibited significantly enhanced 
optically stability and colloidal stability. This MNP is expected to provide a versatile and 
modular platform to achieve effective and specific immobilization of other functional proteins, 
enabling easy reuse and storage. 
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Novel homogenous dielectric elastomer (DE) based on poly(thioether)-b-polysiloxane-
b-poly(thioether) triblock copolymer with improved dielectric performance 

Zhanbin Feng, fengzhanbin@zju.edu.cn, Xinghong Zhang. Department of Polymer Science 
and Engineering, Zhejiang University, Hangzhou, Zhejiang, China  

Dielectric elastomers (DEs) have drawn much attention in artificial muscles and soft robotics, 
it’s still a big challenge to prepare DEs with high electromechanical performances. This article 
reports novel poly(thioether)-b-polysiloxane-b-poly(thioether) triblock copolymer based 
homogenous DEs with high electromechanical properties. 
(1) The triblock copolymer (PSiPGE) was synthesized through the ring-opening 
polymerization (ROP) of phenyl glycidyl ether (PGE) and carbonyl sulfide (COS) catalyzed by 
silicon alkoxides. The dipoles and the phase separation structure of this triblock copolymer 
enhanced the dipole polarizations and the interfacial polarizations between poly(thioether) 
and polysiloxane, thus improving the dielectric constant (ε', up to 5.8). In addition, the 
PSiPGE exhibited low elastic modulus (Y, 0.04MPa), and possessed high electromechanical 
sensitivity (β, ~145MPa-1) which is much higher than that of most reported homogenous DEs. 

(2) Based on the first section, another triblock copolymer (PSiFGE) was synthesized through 
the ROP of furfuryl glycidyl ether (FGE) and carbonyl sulfide (COS) catalyzed by silicon 
alkoxides, then the Diels-Alder (DA) reaction was achieved after the incorporation of 
bismaleimide (BMI), obtaining the thermo-reversible homogenous DE (PSiFGE-BMI). The 
introduction of DA bonds endowed the PSiFGE-BMI with thermo-reversible crosslinking 
network and tunable crosslinking degree. The resultant material exhibits alterable mechanical 
strength (varied from 0.16 MPa to 11.2 MPa) and elastic modulus (Y, from 0.6 MPa to about 
79 MPa). Of significance, the PSiFGE-BMI possesses high ε' (up to 7.6) and high 
electromechanical sensitivity (β, up to 11.8 MPa-1). In addition, the homogenous DE exhibits 
excellent shape memory and shape reconfiguration behavior with the fixing ratio (Rf) and 
recovery ratio (Rr) of above 90%. 
This work provides a new strategy to construct homogenous DEs with excellent 
electromechanical performances, leading to a greater application aspect in the actuated 
devices. 

 
  



~ 423 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Facile synthesis of hyperbranched ethylene oligomers and ethylene-MA co-oligomers 

Shengyu Dai, daiyu@ustc.edu.cn. Anhui University, Hefei, Anhui, China  

A series of iminopyridyl Ni(II) and Pd(II) catalysts containing various bulky diarylmethyl or aryl 
substituents were synthesized and characterized. These catalysts possessing high catalytic 
activities and good thermal stability, are capable of producing hyperbranched ethylene 
oligomers in ethylene oligomerization. More importantly, hyperbranched polar functional 
ethylene oligomers with very high incorporations can be accessible from ethylene-MA co-
oligomerization in the presence of iminopyridyl Pd(II) catalysts. In terms of catalysts, the 
remote electronic substituents of bulky diarylmethyl or aryl moieties have a significant effect 
on the molecular weight and branching density of ethylene oligomers/ethylene-MA co-
oligomers, as well as the incorporations of MA in ethylene (co)oligomerization. 
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Self-healable tailor-made polymer materials using reversible 'click chemistry' 

Prantik Mondal1,2, mprantik3@gmail.com, Tuhin Subhra Pal1, Seth Cohen2, Nikhil K. 
Singha1. (1) Rubber Technology Center, Indian Institute of Technology Kharagpur, 
Kharagpur, West Bengal, India (2) Department of Chemistry and Biochemistry, University of 
California San Diego, La Jolla, California, United States  

Polymer materials often undergo macroscopic damage due to environmental stimuli that lead 
to catastrophic failure. As a potential alternative to improve their longevity, self-healing is one 
strategy that has been effectively utilized to mitigate polymer damage. In 2013, the World 
Economic Forum and Global Agenda Council announced the top 10 emerging technologies; 
“Self-healing materials” was one of them. Since its inception, ‘click chemistry’ has been 
widely exploited to design advanced materials having interesting structural and functional 
properties (e.g., self-healing, shape-memory, etc.). ‘Click chemistry’ has become a ubiquitous 
tool due to its high modularity and orthogonality to prepare diverse polymer materials. Some 
‘click’ reactions that are reversible (under specific conditions) have gained significant interest 
in developing recyclable/healable thermosets.1,2 To develop polymer materials that have 
promising applications in specialty coatings, paints, adhesives, etc., this presentation will 
focus on reversible ‘click-unclick’ approaches (Scheme 1) to develop self-healing polymer 
materials to obtain characteristics such as, recyclability, shape-memory, etc. via controlled 
polymerization procedures. The dynamic feature of different ‘click’ crosslinked polymers 
enabled the healing of microcracks generated in the polymer materials.3-5 
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Controlling Polymer Molecular Weight Distribution through a Latent Mediator Strategy 
with Temporal Programming 

Chen Miao, cmwendy123@gmail.com. Department of Polymer Science and Engineering, 
College of Chemistry, Chemical Engineering and Materials Science, Soochow University, 
Suzhou, Jiangsu, China  

Polymer molecular weight distribution (MWD) is a key parameter of polymers. Here we 
present a robust method for controlling polymer MWD in controlled cationic polymerizations. 
A latent mediator strategy was designed and combined with temporal programming to 
regenerate mediators at different times during polymerization. Both the breadths and shapes 
of MWD curves were tuned easily by adjusting an external light source. Bimodal, trimodal, 
and tetramodal distributions were obtained, and the breadths could be varied from 1.06 to 
2.09. Polymers with different MWDs prepared by this method had good chain end fidelity, 
which was demonstrated with successful chain-extension experiments. In addition, the 
introduction of temporal programming with a computer-controlled single chip for the light 
source opened an avenue for the use of artificial intelligence in polymer synthesis. 

 
Latent mediator strategy for controlling polymer 
MWDs by combining a photoRAFT-mediated SUMI 
reaction and a Lewis acid-catalyzed living cationic 
polymerization mediated by cationic RAFT agent. 
 

 

Temporal program-controlled system for designing 
and controlling polymer MWD with [IBVE]0 :[1]0 
:[2]0 :[ZnCl2]0=100:1:30:0.1. 
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Synthetic strategy for mechanically interlocked cyclic polymers using the exchange 
reaction of Bis(hindered amino)disulfide 

Rikito Takashima, rtakashima@polymer.titech.ac.jp, Daisuke Aoki, Hideyuki Otsuka. 
Department of Chemical Science and Engineering, Tokyo Kogyo Daigaku, Meguro-ku, 
Tokyo, Japan  

Mechanically interlocked polymers exemplified by rotaxane and catenane structures are very 
attractive research subject because of their unique properties derived from the mobility of 
their interlocked structure and their robustness their highly robustness comparable to that of 
covalent bonds. In particular, mechanically interlocked cyclic polymers (MICPs) are 
interesting because they have the large movable area that may produce the unique stress 
relaxation and flexibility. 

We have reported a simple method for synthesizing the cyclic polymers based on thermally 
induced dynamic exchange reaction of a bis(2,2,6,6-tetramethylpiperidin-1-yl) disulfide 
(BiTEMPS) in macrocyclic monomers (MMs), which is ring-expansion polymerization of MMs. 
BiTEMPS unit behaves as a stable disulfide bond at room temperature, while it exchanges 
them each other by heating above 80 °C. 

In this study, we introduced supramolecular interaction moieties into MMs to promote the 
statistical entanglement of polymer chain during polymerization and investigated their 
polymerization behaviors in detail in order to develop synthetic strategy for MICPs. The 
changes in mechanical properties during heating process were monitored by rheological 
measurements of the increase of the storage modulus G′. Importantly, supramolecular 
interaction causes the spatial entanglement of polymer efficiently, giving produced polymer 
high G′ value even at high temperature. The highest G′ value of polymer polymerized under 
supramolecular interaction also supported the formation of MICPs. This study revealed that 
the combination of the dynamic nature of the MMs and supramolecular interaction can 
provide versatile synthetic strategy for MICPs. 

 
 

Fig. (a) Synthetic Scheme of mechanically 
interlocked cyclic polymers in this work and 
chemical structures of compounds. (b) Rheological 
properties of synthesized polymers. 
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Synthesis and application of elastomers of dual-ended functionalization 

Gege Huang1, 2011636@tongji.edu.cn, Xiaorong Wang2. (1) School of Chemical Science 
and Engineering, Tongji University, Shanghai, Shanghai, China (2) Institute for Advanced 
Study, Tongji University, Shanghai, Shanghai, China  

The siloxane-terminated polymer can undergo condensation reaction with the hydroxyl 
groups on the surface of silica fillers, which often improves the dispersion of the filler in a 
rubber matrix, thereby advances the physical and chemical properties of natural rubber. 
Research in Tongji is currently underway to synthesize polymers with functionalized siloxane 
groups on both ends using anionic polymerization. Due to the high reactivity of methyl or 
ethyl siloxy compounds with carbanions, a large number of by-products have been found 
during the polymerization process, which causes a broaden distribution of the molecular 
weight distribution measured by GPC . In addition, the siloxane functional groups may form 
active silanol during the process of steam disolvenization, thereby lose the role of the 
siloxane group during compounding. In order to overcome the above difficulties, we try to 
explore some new synthesis approaches and novel functional initiators. In this report, polyols 
and polyphenols are used as bridging materials to prepare cyclic and bridged siloxane. 
Compared with the claw-shaped structure, the ring-shaped (bridged) structure is much more 
stable. 
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Rapid, on demand curing of thermally cured polymers, using photothermal heating 

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

Rapid and controllable on-demand curing of polymers requires the ability to apply and 
remove the stimulus for curing with tight temporal resolution. The power of this approach is 
illustrated for optically cured polymers, which dominate fields requiring intricate patterning, 
rapid deposition, and spatially tunable physical properties. Realizing similar control for 
thermally cured polymers is challenging, but work from our group has demonstrated that 
photothermal heating can provide on-demand curing. In this talk, we explore how this 
approach works, demonstrate its applicability to multiple materials, and also explore the 
limitations of the approach. All told, this offers a new way to approach thermally activated 
synthesis of polymers. 
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One-pot synthesis of amphiphilic multiblock poly(2-oxazoline)s via para-fluoro-thiol 
click reactions 

Tieshuai Zhao1, luka.zhao@warwick.ac.uk, Ben Drain1,2, Gokhan Yilmaz1, Remzi Becer1. (1) 
Chemistry, University of Warwick, Coventry, West Midlands, United Kingdom (2) Queen Mary 
University of London, London, London, United Kingdom  

A clickable initiator, pentafluoro benzyl bromide, has been investigated for the cationic ring-
opening polymerization of poly(2-oxazolines). Additionally, the clickable alpha end group was 
then utilized in a para-fluoro-thiol click reaction to synthesise linear diblock, tetrablock, 
multiblock copolymers as well as star-shaped poly(2-oxazoline)s using dithiol compounds as 
terminating agents. Thus, a one-pot approach combining the para-fluoro-thiol click reaction 
and direct termination of the poly(2-oxazoline) living chain end with 4,4-thiobisbenzenethiol 
has been performed to prepare multiblock copolymers of poly(2-ethyl-2-oxazoline) (PEtOx) 
and poly((2-ethyl-2-oxazoline)-b-(2-methyl-2-oxazoline) (PEtOx-mb-PMeOx). All obtained 
polymers were characterized by size exclusion chromatography (SEC), 1H nuclear magnetic 
resonance (NMR) and Matrix-Assisted Laser Desorption/Ionization-Time of Flight (MALDI-
ToF) mass spectrometry. The self-assembly properties of prepared amphiphilic polymers 
were studied with DLS and TEM. Nanoparticles with a diameter ranging from 184 nm to 250 
nm were observed in TEM for PEtOx-mb-PMeOx copolymers. 

 

 
A clickable initiator, pentafluoro benzyl bromide, has been investigated for the cationic ring-opening 
polymerization of poly(2-oxazoline)s. Corresponding diblock copolymers, tetrablock copolymers and 
multiblock copolymers of poly(2-ethyl-2-oxazoline)(PEtOx) and poly(2-ethyl-2-oxazoline)-b-(2-
methyl-2-oxazoline)(PEtOx-b-MeOx) were prepared via the para-fluoro-thiol reaction (PFTR) or a 
combination method of PFTR and direct termination of poly(2-oxazoline) living chain ends. 
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Synthesis of cyclic and figure-eight-shaped polymers with dynamic covalent bonds 
and their conversion to cross-linked polymers via exchange reactions 

Hirogi Yokochi1, yokochi.h.aa@m.titech.ac.jp, Daisuke Aoki1,2, Hideyuki Otsuka1. (1) Tokyo 
Kogyo Daigaku, Meguro-ku, Tokyo, Japan (2) Kagaku Gijutsu Shinko Kiko, Kawaguchi, 
Saitama, Japan  

Topological transformations of polymer architectures via dynamic covalent chemistry have 
attracted considerable attention in recent decades, as they change the primary structure of 
the polymer architecture and thus the polymer properties. However, topological 
transformations to produce cyclic topologies remain challenging. In this study, cyclic and 
figure-eight-shaped polymers were synthesized based on the dynamic behavior of the 
bis(2,2,6,6-tetramethylpiperidin-1-yl)disulfide (BiTEMPS) linkage. Linear and 4-branched 
polymers were transformed into cyclic polymers and figure-eight-shaped polymers, using the 
following sequence: 1) A thiol–ene reaction was used to introduce BiTEMPS units into the 
terminal structures of the polymers to be cyclized; 2) an entropy-driven transformation to give 
the desired cyclic topology through the exchange reaction of the BiTEMPS units was induced 
by dilution and heating; 3) acyclic impurities with reactive groups were selectively removed 
via a thiol–ene click reaction with polystyrene particles that contain dangling thiol groups on 
their surface and a subsequent simple filtration. The radicals generated by BiTEMPS upon 
heating are highly tolerant toward a variety of chemical species, including oxygen and olefins, 
and exhibit high reactivity in exchange reactions, making them applicable for various 
skeletons. The simplicity and substrate versatility of this procedure are demonstrated via the 
highly efficient gram-scale synthesis of cyclic and figure-eight-shaped polymers. Moreover, 
we describe the topological transformation of the obtained cyclic and/or figure-eight-shaped 
polymers into cross-linked polymers with precisely controlled physical properties by using 
their cyclic or figure-eight topology and the dynamic nature of the BiTEMPS units in their 
structures. 
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A rational entry to cyclic polymers via rotaxane-based topological transformation 

Daisuke Aoki1, daoki@polymer.titech.ac.jp, Toshikazu Takata2,3. (1) department of chemical 
science and engineering, Tokyo Kogyo Daigaku, Meguro-ku, Tokyo, Japan (2) Tokyo Kogyo 
Daigaku, Meguro-ku, Tokyo, Japan (3) Hiroshima Daigaku, Higashihiroshima, Hiroshima, 
Japan  

A simple and effective synthetic route to cyclic polymers has been developed based on the 
rotaxane chemistry: (i) selective cyclization of two self-complementary sec-ammonium-
containing crown ether monomers to afford [c2] daisy-chain bifunctional initiators, (ii) living 
polymerization to afford the corresponding linear polymers, and (iii) a rotaxane-based 
topological transformation of these linear polymers to furnish cyclic polymers. The key step in 
this sequence is the quantitative cyclization via self- assembly of two crown ether molecules 
with hydroxyl and sec-ammonium moieties. After the living polymerization, the linear 
polymers release the daisy-chain assembly to generate a cyclic topology. The specific 
advantages of the present synthetic protocol, i.e., procedural simplicity and concentration 
independence, are demonstrated by a gram-scale synthesis. 
As an application of present method, a reversible linear-cyclic topological transformation of a 
polymer chains facilitated by a long-range rotaxane switch will be reported. 
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In situ SAXS studies during aqueous emulsion polymerisation 

Adam Czajka, adam.czajka@mail.co.uk, Steven P. Armes. The University of Sheffield, 
Sheffield, Sheffield, United Kingdom  

Aqueous emulsion polymerisation using free radical chemistry has been the most important 
process for latex production for at least fifty years. However, the inherently heterogeneous 
nature of such polymerisations makes them very difficult to study. Various particle nucleation 
and growth mechanisms have been proposed but to date no-one has sought their verification 
via in situ scattering techniques. One reason for this omission is that efficient stirring is 
essential for aqueous emulsion polymerisation because this produces sufficiently small 
monomer droplets. We have recently developed a bespoke stirrable SAXS cell that enables 
efficient stirring, see Figure 1. Thus, for the first time we are able to monitor the evolution of 
structure that occurs during aqueous emulsion polymerisation. 

To explore the mechanism of particle nucleation and growth, two formulations involving 
TFEMA have been investigated using our bespoke SAXS cell. The simplest formulation 
comprises just TFEMA, ionic initiator and water. The other formulation involve the same vinyl 
monomer with the addition of an anionic surfactant (SDS) to produce SDS-stabilised latex 
particles. The onset of micellar nucleation and subsequent particle growth are explored by in 
situ SAXS measurements. Moreover, the reaction solution volume within the SAXS cell is 
approximately 2 mL which allows post mortem characterisation of the latex (or 
nanocomposite) particles using 1H NMR spectroscopy, TEM and DLS. 
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Fast synthesis of millimeter-long core-shell conducting polymer nanofibers by using 
oxidative templates with tunable wettability 

Yang Liu, liuyang56@mail.sysu.edu.cn, Lin Xiao, Chao Zhang. Biomedical Engineering, Sun 
Yat-Sen University, Shenzhen, Guangdong, China  

Polypyrrole, a conducting polymer and its nanofibers with their lengths exceeding millimeter 
range can be synthesized in aqueous solution in a fast manner by using a vanadium 
pentoxide (V2O5) template with tunable wettability. The tunable wettability was achieved by 
adding polyethylene glycol (PEG) with different molecular weights into the hydrophilic V2O5 
sol-gel template. It was found that the hydrophobicity of PEG can significantly affect the 
morphology of the as-synthesized polypyrrole nanofibers, specifically, the millimeter-long 
nanofibers was observed when PEG with appropriate hydrophobicity was added. The 
microstructure of the millimeter-long nanofibers was observed by transmission electron 
microscope (TEM), and nanoscale-thick coatings of PEG were observed on the surface of the 
polypyrrole nanofibers. It was speculated that PEG would adhere to the surface of the 
forming polypyrrole nanofibers through hydrogen bonding, which subsequently acted as 
“molecular glues” to bind the nanofibrils and hold them together to form the millimeter-long 
nanofibers. The millimeter-long nanofibers showed enhanced dispersal, thermal, and 
electrochemical properties, which may find a wide-range applications in anti-static coatings, 
thermoelectrics, and energy storage. 
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Synthesis and rheological properties of amide end-functionalized polymers 

Menghuan Zha1, 2031028@tongji.edu.cn, Xiaorong Wang1,2. (1) School of Chemical 
Science and Engineering, Tongji University, Shanghai, Shanghai, China (2) Institute for 
Advanced Study, Tongji University, Shanghai, Shanghai, China  

The functionalized polymers based on anionic polymerization usually have strict requirements 
for functionalized reagents. We report a general functionalization method to make amide end-
functionalized polymers. The polymer was synthesized by an anionic polymerization using n-
butyl lithium as initiator, then was terminated by high purity carbon dioxide. After that, three 
different reagents, sulfoxide chloride, dicyclohexylcarbodiimide (DCC), propylphosphonic 
anhydride (T3P) are used to activate the carbonyl group at the end of the polymer chain so 
that it can react with amines. It is generally considered that the electron-rich functional 
groups, such as amides, have strong interactions with the surface of carbon black through 
hydrogen bonding, van der Waals forces, etc. Here, we report a synthesis of an 
acylhydrazide end-functionalized polymer by using phenylhydrazine as an amine reagent, 
and the rheological properties of the polymer filled carbon black. The rheological results show 
that these functionalized polymers may be used to provide superior properties of tread rubber 
materials. 
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Self-recoverable photoinduced deformation behavior ofbazobenzene-containing 
poly(arylene ether)s with binaphthalene groups 

Yuxuan Zhang, zhangyuxuan@lnu.edu.cn, Xue Zhao, Jianhang Yuan, Xi-Ming Song. 
College of Chemistry, Liaoning University, Shenyang, Liaoning, China  

Recent years, the researches on the photoinduced deformaion behavior of high performance 
polymers containing azobenzene groups have received much attention due to their excellent 
thermal stability and good mechanical properties. However, the photoinduced deformation 
rates of the azobenzene-containing high performance polymers need to be improved. It has 
been found that increasing the free volume of azobenzene-containing high performance 
polymers was helpful for increasing their photoindcued deformation rate. Binaphthalene 
group is a contorted substrate which lead to rigid and contorted structure, resulting in high 
free volume. In this work, a series of azobenzene-containing poly(arylene ether)s with 
different contents of binaphthalene groups were synthesized. Under the irradiation of 442 nm 
unpolarized laser, the cantilevers of the azobenzene-containing poly(arylene ether)s could 
undergo photoinduced deformation. The photoinduced deformation rates increased with the 
contents of binaphthalene groups of the polymers. Under 442nm linear polarized laser 
irradiation, the cantilevers of the polymers have showed self-recoverable photoinduced 
deformation behavior. When the polarization direction of the polarized laser was 
perpendicular to the long axis of the cantilevers, the cantilevers bent away from the excitation 
laser at the beginning, then bent and returned to the starting position. The angles of the 
cantilevers bent away from the excitation laser increased with the contents of binaphthalene 
groups of the polymers. The interesting photoinduced deformation phenomenon has not been 
reported in other azobenzene-containing high performance polymers. In addition, the 
photoinduced deformation rates of the cantilevers of the polymers also increased with the 
flexibility of the polymer chain. 

 
 

The photoinduced deformation behavior of the cantilevers of the polymers under 442 nm polarized 
laser irradiation. (The polarization direction is perpendicular to the long axis of the cantilevers.) 
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Complementary Methods to Characterize Hydrogel Structure Using PEGDA as a Model 
Network 

joseph Scalet, jmscalet@ku.edu, Stevin H. Gehrke. Chemical Engineering, University of 
Kansas School of Engineering, University of Kansas School of Engineering, Lawrence, KS, 
US, academic/eng, Lawrence, Kansas, United States  

Hydrogels are used in a range of applications that depend on their diffusion and mechanical 
properties, which are controlled by their network structures. Therefore, gaining a clear 
understanding of the network is important for designing hydrogels for these applications. 
Herein we demonstrate two methods of characterizing the network structure of poly(ethylene 
glycol) diacrylate (PEGDA) hydrogels. PEGDA hydrogels were synthesized from monomers 
of molecular weight from 575 to 8000 Da by photopolymerization at polymer concentrations 
ranging from 7% to 50 wt% in water utilizing uniaxial compression and time-domain low field 
NMR (TD-NMR). Generally, hydrogels are assumed to follow the neo-Hookean elastic model 
from which network mesh size is estimated. However, a number of gels do not, including 
PEGDA. Therefore, we used PEGDA as a model for testing the non-affine slip tube model 
originally developed by Rubinstein and Panyukov in 2001. This model separates the 
contributions to the shear modulus due to chain entanglement and due to permanent 
crosslinks. The model determined that both contributions increased linearly until the c* 
concentration, then the network contribution increased with a greater slope while the 
entanglement contribution decreased linearly. These trends indicate differences in the 
hydrogel network structure above and below c*. 

Additionally, we probed the structure of the hydrogels using TD-NMR, which is a non-
destructive technique to determine the average and distribution of pore sizes in hydrogels. 
This technique is independent of mechanical measurement and experimental simplicity 
suggests potential use for routine network characterization. Analysis of TD-NMR relaxation 
times (T2) which are based on surface-solvent interactions, requires the use of various 
models which assume different pore geometries in the polymer. The PEGDA gels were 
characterized in solution before polymerization, after polymerization, and after equilibration 
with water. A noticeable reduction in T2 was observed for PEGDA gels upon crosslinking, 
indicative of the mobility constraint caused by the formation of the hydrogel network. 
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Determination of average molecular weight (Mn) and dispersity of polyelectrolyte 
blends using NMR diffusometry 

Veera Venkata Shravan Uppala1,2, shrav93@vt.edu, Aijie Han3, Ralph Colby3, Louis A. 
Madsen1,2. (1) Department of Chemistry, 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) Materials 
Science and Engineering, The Pennsylvania State University, University Park, Pennsylvania, 
United States  

Quantificiation of molecular weight and polydispersity in polyelectrolytes is unreliable using 
conventional methods like size exclusion chromatogrphy due to very low overlap 
concentration of polyelectrolytes. NMR diffusometry is useful for determining the molecular 
weight and polydispersity of polymers due to its unique advantages, which include generic 
sample preparation, broad concentration range, and accurate quantitation. In our previous 
study, based on a Rouse scaling relation, we observed that the diffusion coefficient is 
independent of concentration in the semidilute unentangled regime. This regime is broad for 
polyelectrolytes and can be explored to determine both Mn and polydispersity. We are 
investigating cesium polystyrene sulfonate (CsPSS) molecular weight standards with low 
dispersity. We have now measured diffusion coefficients for binary and ternary polyelectrolyte 
blends to explore quantitation of polydispersity. The figure shows the NMR signal attenuation 
plot for a 50:50 (by weight) binary mixture of 35k and 457K CsPSS samples. The average 
diffusion coefficient and dispersity value extracted from a gamma distribution function fit 
deviate somewhat from the expected values and we will discuss the origin for this deviation in 
our presentation. This technique can be further utilized for polymer mixtures with different 
chemical repeat units (and even similar molecular weights and/or different dispersities) due to 
its ability to measure the diffusion coefficient with chemical (spectral) selectivity. Thus, this 
non-destructive technique provides a new approach to characterizing the architecture and 
dynamics of polyelctrolyte chains in solutions. 
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Synthesizing and optimizing molecularly imprinted polymers 

Cole Pridemore, cp786217@ohio.edu, Tharushi Ambagaspitiya, Emily Harasin. Chemistry 
and Biochemistry, Ohio University, Athens, Ohio, United States  

The ability of Molecularly imprinted polymers (MIPs) to perform analyte specific recognition 
has encouraged the further development of these polymers. This ability is dependent on 
polymer surface—template molecule interactions upon the preparation of these MIPs through 
the process of molecular imprinting; in which target molecules act as a template and are 
copolymerized with cross-linking monomers to form pores or cavities. Upon removal of these 
template molecules through washing, the polymer is left with an affinity for these molecules to 
which they can be reattached. The effectiveness of these polymers also depends on this 
affinity, along with the morphology of the polymer surface. In this study, the binding affinity for 
the template molecule will be studied with respect to the porogen and solvent in methacrylic 
acid imprinted polymer on silicon wafer substrates. Atomic force microscopy (AFM) is used to 
observe the changes in surface features of these polymers at different stages of preparation 
and sum frequency generation (SFG) is used to correlate what is observed through AFM. It 
was observed using AFM that the topography of the non-molecularly imprinted polymers 
(NIPs) was significantly smoother than MIPs, having an RMS value of ~(247.6pm). MIPs with 
both sulfapyridine and metronidazole template molecules have shown significant aggregates 
before washing—which signifies presence of the template molecule. After washing, 
significant change in surface features are observed, such as changes in topography and 
morphology of the sample surfaces—which signifies the removal of these template 
molecules. These findings were also confirmed through SFG. 

MIP Mechanism 
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Biobased epoxy vitrimers with hyperbranced epoxy resin derived from ferulic acid 

Zhong liuyue, 1415407174@qq.com, Junheng zhang. South-Central University for 
Nationalities, Wuhan, Hubei, China  

Epoxy vitrimers with dynamic covalent network enable the reprocess able and recyclable of 
epoxy thermosets. However, it remains challenge to combine of high mechanical properties 
and efficient recyclability and reprocessability for epoxy vitrimers. In this work, ferulic acid 
based hyperbranched epoxy resin (FEHBP) was synthesized for closed-loop recyclability and 
catalyst free epoxy vitrimer without compromising thermal and mechanical performance. The 
incorporation of FEHBP with hyperbranched topological structure improved the tensile 
strength, modulus and toughness of epoxy vitrimers due to the increased cross-link density 
and free volume. The hydroxyls of FEHBP catalyze dynamic transesterification reactions and 
accelerate the reprocess of epoxy vitrimers. Thus, the obtained epoxy vitrimers presented 
excellent weldability, malleability and programmability. For instance, epoxy vitrimers with 10 
phr exhibited high tensile strength (126 MPa), usable Tg (94°C), fast stress relaxation (a 
relaxation time of 45s at 140°C) and a recycling efficiency of tensile strength (up to 90%). 
Moreover, the degradation products of epoxy vitrimers can be reused to produce new epoxy 
vitrimers, which possess similar mechanical properties and thermal stability as compared to 
original epoxy vitrimers. This work will provide fully bio-based and closed-loop recyclability 
epoxy vitrimers for the application of industrial production. 
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Enzyme-catalyzed polymerization of linear polyesters bearing amino groups from 
protected monomers 

Yuya Oyama1,2, y.oyama0715@gmail.com, Naruki Kurokawa1,2, Atsushi Hotta1,2. (1) 
Department of Mechanical Engineering, Keio Gijuku Daigaku Rikogakubu Kikai Kogakuka, 
Yokohama, Kanagawa, Japan (2) School of Science for OPEN and Environmental Systems, 
Keio Gijuku Daigaku Rikogakubu Daigakuin Rikogaku Kenkyuka, Yokohama, Kanagawa, 
Japan  

Polyesters with functional groups on side chains are attractive in biomedical applications 
since they can be conjugated with functional molecules. Many researches have been 
conducted aiming to synthesize functional polyesters, but linear polyesters containing a high 
number of amino groups have not been much reported. 

In this study, poly(propane adipate–co-2-aminopropane adipate) was synthesized by 
enzymatic polymerization of divinyl adipate, 1,3-propanediol, and N-protected 2-amino-1,3-
propanediol, with subsequent hydrogenolysis deprotection (Fig). The mild reaction conditions 
and the specificity of the enzymatic polymerization could reduce side reactions, and the 
protecting groups of monomers prevented the polymer branching from the amino groups. The 
feed ratio of N-protected monomers ranged from 0 to 75 mol%, and the composition of the N-
protected copolymers was calculated through 1H NMR analysis. The incorporation rate of the 
N-protected monomer to the copolymers was only a few percent lower than the feed ratio. 
From the GPC analysis, it was found that the molecular weight of the N-protected copolymers 
gradually decreased from 7.2 to 3.8 kg/mol as the N-protected monomer content increased. 
The results indicated the reactivity of N-protected monomers was lower than that of plain 
monomers. After the deprotection, thermal analyses of poly(propane adipate-co-2-
aminopropane adipate) were conducted by DSC. All copolymers were found to be 
amorphous, and the glass transition temperature gradually increased with the increase in the 
2-aminopropane adipate content, reaching -12.4°C at the 2-aminopropane adipate content of 
75 mol%. These results indicated that the enzyme-catalyzed polymerization of protected 

monomers could become a prospective candidate 
for liner polyesters with abounding amino groups. 

Fig. General synthetic route for functional polymers: 
(a) enzyme-catalyzed polymerization; (b) 
hydrogenolysis deprotection. 
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Crystallization-driven self-assembly of coil-comb shaped polypeptoid block 
copolymers: A route to control the growth of nanostructures 

Md Asmat Ullah, mullah2@lsu.edu. Chemistry, Louisiana State University System, Baton 
Rouge, Louisiana, United States  

Poly-peptoid based nanoparticles have gained much attention with respect to applications in 
drug delivery and nanomedicine as a result of their biocompatibility and biodegradability. 
However, the control growth of functional and colloidally stable one- dimensional (1D) or two-
dimensional (2D) polypeptoid nanostructures of uniform size remains a major challenge. In 
this study, the crystallization driven self-assembly (CDSA) of amphiphilic diblock co-
polypeptoids, namely Spring 2022, ACS National Meeting - POLY Graphical Abstract(N-
methyl glycine)-b-Spring 2022, ACS National Meeting - POLY Graphical Abstract(N-decyl 
glycine) (PNMG-b-PNDG), was investigated for the growth of 1D and 2D nanostructures. 
Dynamic light scattering (DLS), Atomic force microscopy (AFM) and Transmission electron 
microscopy (TEM) techniques were used to characterize the formation of nanostructures. For 
this work, PNMG-b-PNDGs were synthesized by sequential benzyl amine-initiated ring-
opening polymerizations of the corresponding N-substituted glycine derived N-carboxy 
anhydrides, in which the degree of polymerization of the blocks were varied. My research 
focused on developing methods to enable the controlled growth of 1D and 2D nanostructures 
from these poly-peptoid block copolymers. Self-seeding and seeded growth pathways will be 
employed for this purpose. The ability to efficiently control the growth of 1D & 2D 
nanostructures from synthetic polymers by spontaneous assembly will inspire new 
generations of bioinspired nanomaterials for a variety of potential applications in biomedicine 
and nanotechnology 
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Tailoring lifetimes and properties of carbodiimide-fueled covalently crosslinked 
polymer networks 

Obed Dodo, obedjoshuadodo@gmail.com, Leilah Petite, Chamoni Rajawasam, Christopher 
Hartley, Dominik Konkolewicz. Chemistry and Biochemistry, Miami University, Oxford, Ohio, 
United States  

The mechanical properties of nonequilibrium polymer hydrogels obtained from the transient 
crosslinking of polymer chains by a chemical fuel were investigated. Aqueous polymers 
featuring pendant carboxylic acids were treated with a carbodiimide to give anhydride-
crosslinked gels. The anhydrides spontaneously hydrolyze back to the polymer solution and 
the cycle can be repeated multiple times. Oscillatory rheology was employed to study the 
effects of temperature, fuel concentration, chain length, and polymer composition on the 
storage and loss moduli of the polymeric materials as well as the time taken for the polymers 
to undergo decrosslinking. Regardless of the temperature used, at constant carbodiimide 
concentration, degelation times are more sensitive to experimental temperature than are the 
peak storage moduli. Decrosslinking times decrease with increasing temperature. As 
carbodiimide concentration decreases there is a decrease in moduli and decrosslinking 
times. Within the scope of materials studied, the polymer structure was found to have 
relatively small impact on the transient properties of gel networks compared to the fuel 
concentration and temperature. These findings facilitate the design of tunable on demand 
networks and gels. 
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Chirality-directed regioselectivity: An approach for the synthesis of alternating 
poly(Lactic-co-glycolic acid) 

Yiye Lu1, yl2885@cornell.edu, Jordan Swisher2, Tara Y. Meyer2, Geoffrey W. Coates1. (1) 
Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United States (2) 
Chemistry, University of Pittsburgh, Pittsburgh, Pennsylvania, United States  

Sequence control of poly(lactic-co-glycolic acid) (PLGA) is an effective technique for tuning 
its degradation properties for various biomedical applications. We herein report the synthesis 
of alternating PLGA via a regioselective ring-opening polymerization of (S)-methyl glycolide. 
An enantiopure aluminum salen catalyst with binaphthyl backbone facilitates the 
regioselective ring-opening of this unsymmetrical cyclic diester exclusively at the glycolide 
acyl−oxygen bond site. A dual steric and chirality control accounts for the high 
regioselectivity. This living, chain-growth polymerization is able to reach low dispersities with 
tailored molecular weights. Quantitative regioselectivity calculations and sequence error 
analysis, based on NMR studies, have been established for this sequence-controlled 
polymer. 
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Hydrocarbon-based statistical copolymer surfactants that outperform block copolymer 
analogues in ethanol-water foam stabilisation 

James Jennings, james.jennings@uni-graz.at, Steven P. Armes, Anthony J. Ryan. 
Department of Chemistry, The University of Sheffield, Sheffield, Sheffield, United Kingdom  

Nature has been able to optimize polymeric surfactants by selecting precise distributions of 
hydrophilic and hydrophobic amino acids to build amphiphilic proteins. Such protein 
surfactants are employed in areas including the construction of ultra-stable foam nests, and 
facilitating filamentous fungi to grow through the high interfacial tension of water surfaces. 
Meanwhile, the most common synthetic polymeric surfactants have block copolymer 
architecture, such as the ubiquitous Pluronics that are widely used as emulsifiers, stabilizers, 
and dispersants. However, hydrocarbon-based polymeric surfactants are unable to match the 
surface tension reductions achieved by silicone and fluorocarbon surfactants, materials that 
persist in the environment and have been termed “forever chemicals”. The latter surfactants 
outperform hydrocarbon surfactants in a broad range of applications including firefighting, 
polyurethane synthesis, and foaming hand sanitizers. 

We report here that by selecting optimal combinations of hydrophobic and hydrophilic 
monomers, surfactants with a statistical distribution of comonomers can outperform their 
diblock copolymer analogues. These statistical copolymers are prepared by simple one-step 
free radical polymerizations from commercial hydrocarbon monomers. A series of 
predominantly (meth)acrylic-based copolymers were screened for foam stabilization in 
ethanol-water solutions, to identify formulations with optimal surface activity in typical hand 
sanitizer formulations. Statistical copolymers comprising branched hydrophobic monomers 
and hydrophilic poly(ethylene glycol) pendant groups demonstrated the highest foamability. 
Furthermore, surface tensiometry measurements revealed that the statistical copolymers 

reduce the surface tension of ethanol-
water mixtures at much lower 
concentrations than the analogous block 
copolymers. Small-angle X-ray scattering 
analysis showed that statistical 
copolymers form unimicellar aggregates, 
suggesting that a conformation transition 
takes place at the surface, resembling 
the behavior of naturally-occurring 
protein surfactants. 
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Cation-π interactions in complex coacervates in the presence of different salts 

Jun Huang, juh68@pitt.edu, Jennifer Laaser. University of Pittsburgh, Pittsburgh, 
Pennsylvania, United States  

The role of cation-π interactions in complex coacervation is not well understood. To address 
this problem, post-polymerization modification of Spring 2022, ACS National Meeting - POLY 
Graphical Abstract(N-acryloxy succinimide) was used to prepare polycations and polyanions 
with a charge density of 70% and nonionic sidechains bearing benzyl (aromatic) or 
cyclohexanemethyl (non-aromatic) groups. The phase behavior of complex coacervates 
prepared using polycation/polyanion pairs with similar charge density and matched nonionic 
sidechains were investigated using salts containing cations with different expected cation-π 
interaction strengths. In optical turbidity studies, different salt responses were observed in 
coacervates with aromatic sidechains and nonaromatic sidechains: for polymers with benzyl 
groups, the salt resistance increases as the salt is changed from KCl to NaCl to LiCl, while for 
polymers with cyclohexanemethyl groups, the salt resistances were similar for all three salts. 
Isothermal titration calorimetry studies of these coacervates in the presence of the different 
salts reveal that the phase behavior arises from changes in the enthalpy of coacervation. This 
work demonstrates that cation-π interactions between polyelectrolytes, and competition with 
free cations in solution, can play a significant role in polyelectrolyte complexation and provide 
a convenient synthetic platform for systematic investigation of cation-π interactions in 
different chemical and biochemical systems. 
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PVP encapsulated antimicrobial plant polyphenol-AgNP-iodine biocomposites 

Zehra Edis, z.edis@ajman.ac.ae, Samir Haj Bloukh. Clinical Sciences, Ajman University, 
Ajman, Ajman, United Arab Emirates  

The rise of multi-drug resistant ESKAPE pathogens and the danger to our survival is 
documented by WHO since years. Common drug families are falling victim to the evolving 
resistance mechanisms of microorganisms and lose their effectivity in health care. 
Nosocomial infections endangering lives in emergency rooms, increased morbidity and 
mortality rates are ringing alarm bells. The COVID-19 ridden world population is facing 
dangerous pathogens in the health care institutions, which developed resistance and cannot 
be easily eliminated. This burden on quality of life, treatment costs and duration is going to 
increase culminating in millions of losses in the coming century. Nanotechnology appeared 
as a tool in this fight against dangerous microorganisms. Silver nanoparticles (AgNP) have 
known antimicrobial properties and are interesting drug carriers as well. Sustainable solutions 
with known, non-toxic, easy accessible, natural remedies are probably an alternative waiting 
to be discovered. Plants survive since their existence by a plethora of biocomponents acting 
through synergetic mechanisms. We combined cinnamomum zeylanicum (Cinn) with AgNP 
and iodine (I2), another world famous microbicide used since centuries in many cultures 
against illnesses. As a comparison, we prepared trans-cinnamic acid-AgNP-iodine 
formulations and tested both compounds against 5 microbial reference strains by zone 
inhibition studies on sterile discs and surgical sutures. The biocompounds were characterized 
by XRD, UV, FTIR, nanosizer, SEM and EDS. Our components showed excellent to very 
good inhibitory action against the tested pathogens and can be used as disinfectants, 
microbicides and coating agents for sutures to prevent surgical site infections. 
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Development and analysis of a photodegradable polyester with sustainable origins: 
Poly(o-hydroxycinnamic acid) 

Matthew S. Baker, matthew.baker@oswego.edu, Johann Roque, kyle Burley, Bailey Phelps, 
Charlotte Labrie-Cleary. State University of New York at Oswego, Oswego, New York, United 
States  

Photo-degradable materials have seen increasing applications and production over the past 
few decades; however, due to the negative environmental impacts of the plastics industry, 
scientists have recently been driven to develop sustainable alternatives to current petroleum-
based photo-responsive systems. Herein, we present the development of a new photo-
degradable polyester resulting from the homopolymerization of o-hydroxycinnamic acid, a 
naturally occurring small molecule. The resulting material, poly(o-hydroxycinnamic acid), is 
able to undergo controlled backbone cleavage through a unique intramolecular 
transesterification reaction resulting from a photo-induced isomerization. The proposed 
degradation pathway is studied via proton NMR, high-performance liquid chromatography, a 
small molecule control study, and an “on”/”off” photo-regulation control study. These 
experiments demonstrate that upon exposure to UV light, poly(o-hydroxycinnamic acid) 
undergoes controlled degradation over the period of 96 hours, leading to the formation of 
coumarin. 
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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. Scott1,2. (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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Modelling the thermooxidative degradation of polymers: Polystyrene 

Carlos Delgado2, Dorina Chipara1, Karen Lozano2, Victoria Padilla2, Mircea Chipara1, 
mircea.chipara@utrgv.edu. (1) Physics and Astronomy, The University of Texas Rio Grande 
Valley College of Sciences, Edinburg, Texas, United States (2) Mechanical Engineering, The 
University of Texas Rio Grande Valley, Edinburg, Texas, United States  

A new semi-empirical equation for the thermal degradation of polymers is suggested. The 
proposed model starts from the recognition that the thermo-oxidative degradation occurs in 
both time and temperature and postulates a separation between the time and temperature 
dependence, based on the observation that both processes are described by sigmoid-like 
dependences (or superpositions of such sigmoids). 

This polymer was selected because atactic polystyrene is almost completely amorphous, 
thus removing the complications generated by the presence of amorphous domains, 
crystallites, and interphase(s). The actual fitting equation contained additionally the zero, 
slope, and second-order corrections. The experimental data are well fitted by the semi-
empirical equation. TGA data on the degradation of atactic polystyrene, in a nitrogen 
atmosphere, and at various heating rates ranging from 1 oC to 40 oC were collected (see 

figure). Further, the TGA investigation is extended 
to the derivative of the thermograms (with respect 
to the temperature), with a detailed analysis of the 
dependence of the position and width of derivatives 
on the heating rate. It is demonstrated that the 
proposed approach (and equation) is consistent 
with Friedman's approximation. 

 
Thermograms showing the dependence of the residual 
mass of atactic polystyrene as a function of 
temperature. The proposed fitting equation is shown, 
where A and D are constants, EA

(S) is the sigmoidal 
activation energy, and R is the ideal gas constant. 
 
The derivative of the as-recorded thermograms with 
respect to the temperature, for various heating rates. 
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Modifying amphiphilic copolymers for aqueous foams 

Loren Brown, Loren.c.brown11@gmail.com, Katie Hinnant, Matthew D. Thum, Grant C. 
Daniels, Nickolaus Weise, Mark Aukerman, Braden Giordano. US Naval Research 
Laboratory, Washington, District of Columbia, United States  

Amphiphilic random copolymers of various molecular weight poly(ethylene glycol) (PEG) and 
hydrophobic acrylates were synthesized via reversible addition fragmentation chain transfer 
(RAFT) polymerization. The first PEG series, poly(ethylene glycol)monomethacrylate 
(PEGMA, average Mn 200 and 400 molecular weight), contained an –OH terminal group and 
the second series, poly(ethylene glycol) monomethyl ether monomethacrylate (PEGMMA, 
average Mn 200, 400, and 1000 molecular weight), possessed an –OCH3 terminal group. 
Series of PEG-functionalized copolymers contained the same hydrophobic monomer, butyl 
acrylate (BA), and a series of hydrophobic acrylates contained the same hydrophilic 
monomer, PEGMA200 and were successfully reproduced synthetically. The resulting PEG-
functionalized copolymers provide a systematic trend of solution properties including surface 
tension, critical micelle concentration (CMC), and foam lifetime based on the average 
molecular weight of the PEG and behavior of the hydrophobic acrylate. The lower molecular 
weight PEGs (average Mn 200) were able to reduce the surface tension of water to 35 mN/m. 
The characterization of the copolymers was examined by gel-permeation chromatography 
(GPC), 1H nuclear magnetic resonance (NMR), and Attenuated Total Reflection Fourier 
Transform Infrared (FTIR-ATR). The copolymers described are considered promising 
additives for aqueous foams. 
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Exogenous chiral molecules induce chiral controllable spiral self-assembly of liquid 
crystalline block copolymers 

Jianan Yuan1, jn@tongji.edu.cn, Lu Xuemin2, xueminlu@sjtu.edu.cn, Qinghua Lu1,2, 
qhlu@sjtu.edu.cn. (1) Tongji University, Shanghai, China (2) Shanghai Jiao Tong University, 
Shanghai, China  

Functional chiral assemblies widely exist in nature, including right-handed B-form double 
helix of DNA and spiral-like sucrose non-fermenting protein 7 (Snf7), which play crucial roles 
in various physiological processes. In the past decade, the scientific community has made a 
noble effort to mimic chiral nanostructures in nature, such as helix, gyroid, toroid, and spiral. 
These specific functional structures have been obtained in solution systems and display a 
great value in advanced materials. However, the evolution of chirality morphology from 
molecules to the micro-scale spiral is still a black box, and it remains a challenge to construct 
spiral structures with chiral optical properties in solid film systems. In this work, we built a 
micron-sized chiral three-dimensional (3D) spiral structure in chiral molecules doped liquid 
crystalline block copolymer composite film by thermal annealing treatment. The micron-scale 
spiral structures exhibit UV light-responsive erasure and thermal regeneration behavior, 
which is expected to realize the information storage function of the chiral structures. 

 
Exogenous chiral molecules induce chiral controllable 
spiral self-assembly of liquid crystalline block 
copolymers 
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Highly transparent and thermally stable cyclo-olefin polymer nanocomposites with 
TEMPO-oxidized cellulose nanofibers 

Kei Matsumoto1,2, mtsk07matsu11@gmail.com, Naruki Kurokawa1,2, Atsushi Hotta1,2. (1) 
Department of Mechanical Engineering, Keio Gijuku Daigaku Rikogakubu Kikai Kogakuka, Yokohama, 
Kanagawa, Japan (2) School of Science for OPEN and Environmental Systems, Keio Gijuku Daigaku 
Rikogakubu Daigakuin Rikogaku Kenkyuka, Yokohama, Kanagawa, Japan  

Recently compounding the TEMPO-oxidized cellulose nanofibers (TOCNs) has been 
considered as one of the effective ways to improve the thermomechanical properties of 
optical polymer materials. TOCNs, however, tend to aggregate in hydrophobic polymers due 
to their hydrophilic surface, thus preventing the improvement of thermal properties and 
resulting in a loss of transparency. 

Pickering emulsions have been attracting much attention as an effective and simple method 
to prepare polymer composites with well-dispersed TOCNs. In the Pickering emulsion 
method, aqueous suspensions of TOCNs and polymer solutions are mixed and 
ultrasonicated, where the TOCNs adhere to the surface of the polymer-solution droplets while 
acting as a surfactant to stabilize the resulting emulsion. After drying the emulsion before 
compression molding, polymer composites with uniformly dispersed TOCNs in the polymer 
matrix could be fabricated. 

In this study, we fabricated composites of cyclo-olefin polymers (COP) with TOCNs by the 
Pickering emulsion method. COP has been attracted attention as optical polymers with high 
moisture resistance and high transparency. 

After lyophilizing the TOCNs/COP emulsion, the porous beads of the TOCNs/COP 
composites could be fabricated (Fig.(a)). Then the TOCNs/COP beads were collected, before 
the thermal compression to produce TOCNs/COP composite films. The fabricated 
TOCNs/COP composite films were transparent (Fig.(b)). The results of morphology indicated 
that TOCNs were uniformly dispersed inside COP (Fig.(c)). 

The thermal expansion coefficient of TOCNs/COP composite films at the TOCNs 
concentration of 5 wt% was reduced to ~11.7×10-5K-1, which was decreased by 30% 
compared to that of pure COP (16.5×10-5K-1). The deformation temperature was found to 
increase from ~117°C to ~124°C. The UV-vis results indicated that TOCNs/COP at the 
TOCNs content of < 2 wt% maintained the visible light transmittance of > 85%. The results 
indicated that compounding TOCNs through the Pickering emulsion method was an effective 
way to improve the thermal stability of the optical polymers, while simultaneously maintaining 

the transparency of the polymers. 

Fig. Images of TOCNs/COP made by the 
Pickering emulsion method: (a) TOCNs/COP 
beads, (b) a TOCNs/COP film, and (c) the 
fracture surface of the TOCNs/COP film. 
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Application of green hierarchical porous molecularly imprinted adsorbent for excellent 
selective extraction of plant hormones from fruits and vegetables 

Mingwei Wang1,2, wang781041838@163.com, Fengxia Qiao3, Hongyuan Yan1,2. (1) College 
of Pharmaceutical Sciences, Hebei University, Baoding, Hebei, China (2) College of Public 
Health, Hebei University, Baoding, Hebei, China (3) College of Biochemical and 
Environmental Engineering, Baoding University, Baoding, Hebei, China  

Molecularly imprinted polymers can recognize target molecules by incorporating functional 
monomers with template molecules during polymerization, which leads to a better recognition 
of the target molecule. However, until now, most reported imprinted polymers are prepared in 
organic solvents and show poor molecular recognition in aqueous solution, which limits their 
application in the field of extraction and causes environmental issues after preparation. To 
achieve these objectives, a new deep eutectic solvent-based hierarchical molecularly 
imprinted resin (DES-HMIR) was synthesized in water with excellent molecular recognition in 
polar environment; thus, the process preempts the consumption of large amounts of organic 
solvents. During the synthesis, DES was simultaneously used as a porogen and cosolvent for 
the template, in order to increase the specific surface area and porosity of the DES-HMIR. 
Owing to its specific molecular recognition, high porosity, and water-compatibility, the DES-
HMIR can applied as an SPE adsorbent for specifically recognize and extract targets from 
complex matrices. As shown in Fig. 1, DES-HMIR could selectively extract the analytes from 
the tomato matrix with significant enrichment and purification effects. The spiked recoveries 
of plant hormones in vegetables and fruits were in the range of 78.0−102.9%, with relative 
standard deviations ≤7.1%, which proved the universal applicability of DES-HMIR to these 
targets from complex matrixes under different pH values, and it is expected to be used as an 
SPE adsorbent for the extraction and separation of analytes from vegetables and fruits. 

 
Fig. 1 SEM of (a) DES-HMIR and (b) DES-HNIR; (c) chromatograms of spiked tomato sample before 
and after extraction with DES-HMIR. 
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Synthesis of hierarchical-structured imidazolium ionic–liquid–modified phenolic resin 
polymer: Applications in solid-phase extraction 

Pengfei Li1, 18233277573@163.com, Yanan Yuan2, Hongyuan Yan1,2. (1) College of 
Chemistry and Environmental Science, Hebei University, Baoding, Hebei, China (2) College 
of Public Health, Hebei University, Baoding, Hebei, China  

Polymers with hierarchical structure, large specific surface area, and multiple adsorption 
interactions have always been the research hotspots in the field of adsorbents in analytical 
chemistry. For this, a hierarchical-structured imidazolium ionic–liquid–modified phenolic resin 
polymer (ILPR) was synthesized using 3-aminophenol as a functional monomer, glyoxylic 
acid as a green cross-linker, IL as a modifier, and polyethylene glycol 6000 as a porogen. 
And the obtained ILPR was characterized by scanning electron microscopy, Fourier-
transform infrared spectroscopy, elemental analysis and 13C nuclear magnetic resonance, 
which indicating that the IL was successfully introduced into the phenolic resin for changing 
the morphology of the material to form a porous structure and enriching the adsorption 
interactions of adsorbents (hydrogen bonds, electrostatic interactions, etc.). The fluffy porous 
structure with a rough surface were beneficial for providing surface for forming interactions 
with the analytes and ILPR. Because of the above advantages, ILPR as a tailored SPE 
adsorbent, coupled with HPLC was applied successfully in extraction and determination of 
trace phenylurea plant hormones (thidiazuron and forchlorfenuron) in matrix sample. 
Compared with the polymer without IL modification, adsorption performance of ILPR was 
increased by 13.6-84.6%. Therefore, the ILPR obtained by introducing IL into the design and 
synthesis of phenolic resin polymer can serve as a potential SPE adsorbent and is expected 
to be used for separation and extraction in the field of analytical chemistry. 

 
Figure 1. Schematic illustration of the ILPR synthesis route (A), FT-IR spectra (B), and SEM images 
of PR (C) and ILPR (D).  
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Development of polystyrene-based nanocomposites using organically modified 
sepiolite clay: influence of gamma irradiation on mechanical and thermal performance 

SHAFI UR REHMAN1,2,3, shafibs005@gmail.com. (1) Material Engineering, National 
University of Sciences and Technology School of Chemical and Materials Engineering, 
Islamabad, Islamabad, Pakistan (2) Chemical and Material Science, Michigan State 
University, East Lansing, Michigan, United States (3) Chemical Engineering, Wah 
Engineering College, Wah Cantt, Punjab, Pakistan  

In this work, sepiolite clay was organically modified using vinyl triethoxy silane (VTES) and 
incorporated with polystyrene to create nanocomposite samples. The freshly fabricated 
samples were exposed to a (60Co) gamma irradiation source (Model JS-7900, IR-148, 
ATCOP). Mechanical, thermal and flow properties of the newly developed polystyrene-based 
nanocomposites were investigated and compared prior to and after the irradiation treatment. 
Additionally, the surface morphology of the prepared samples was investigated using 
scanning electron microscopy (SEM) to determine the distribution of filler for different studied 
compositions. Structural analysis was examined by Fourier transform infrared spectroscopy 
(FTIR) and X-ray diffraction (XRD) techniques. The thermal stability of the fabricated 
composites was determined using thermal gravimetric analysis (TGA) and mechanical 
characteristics, such as degree of crosslinking was measured using Soxhlet extraction 
method. Overall, this study revealed a straightforward strategy to tailor mechanical and 
thermal properties of polystyrene composites. 
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Controlled polymerization of β-pinadiene: Accessing unusual architectures and 
propeties with terpene-derived polymers 

Alan D. Fried, afried1@vols.utk.edu, Johnathan N. Brantley. Chemistry, University of 
Tennessee, Knoxville, Knoxville, Tennessee, United States  

Biomass-derived polymers are emerging as critically needed alternatives to their 
petrochemical counterparts. Terpenes, which are among the most natural products, represent 
particularly fertile space for monomer development (given their inherent structural 
complexity). Here, we present the living vinyl-addition polymerization of β-pinadiene (the 
cumulated congener of β-pinene) at room temperature. Employing [(π-allyl)NiOCOCF3]2 as a 
catalyst afforded the desired polymers with good control over molecular weight and 
dispersity. Interestingly, the bicyclic pinane core was retained in the isolated materials (which 
starkly contrasts prototypical pinene polymerizations). Additionally, the bicyclic pinane 
architecture could be incorporated into copolymers with varying degrees of bicyclic content. 
High levels of cyclic monomer incorporation were achieved, and a linear relationship was 
observed between Tg and cyclic monomer content. Importantly, these trends could be used to 
predict Tg in polymers with known cyclic monomer content and mechanical properties could 
be tailored when the pinane architecture was incorporated into block-copolymer systems. 
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Repurposing post-consumer polypropylene carpet and mixed polyolefin waste into 
structural composites 

Anuj Maheshwari1, anuj.maheshwari@okstate.edu, Mohamadreza Y. Azarfam1, Siddhesh 
Chaudhari3, Clinton Switzer3, Jay C. Hanan2, Ranji Vaidyanathan3, Sudheer Bandla4, Frank 
D. Blum1. (1) Chemistry, Oklahoma State University, Stillwater, Oklahoma, United States (2) 
Mechanical and Aerospace Engineering, Oklahoma State University, Tulsa, Oklahoma, 
United States (3) School of Materials Science & Engineering, Oklahoma State University, 
Tulsa, Oklahoma, United States (4) Niagara Bottling LLC, Diamond Bar, California, United 
States  

Post-consumer carpets are generally not recycled while the beverages bottle themselves are 
often made of polyethylene terephthalate (PET), which can be recycled. The bottle caps, 
usually polyolefins, often mixed with other materials (like labels, ink, and remnant products), 
are problematic to recycle. Recycling the constituents back to their original forms is usually 
hard and requires advanced recycling methods. Processing the discarded materials to form 
new and useful composites can add additional value to materials that would otherwise end up 
in a landfill. As a part of a larger research project, we are making composites using post-
consumer polypropylene carpets (c-PP) and mixed polyolefins recovered from post-consumer 
bottle waste by compression molding. A comparison of composites made from different kinds 
of polyolefins and polyolefins with different purity levels will be reported. The effects of 
different processing parameters and compositions were examined. The quality of the molded 
samples were characterized by flexural strength and modulus, creep behavior, impact 
strength, and optical microscopy. We find that these samples can have useful mechanical 
properties and possibly be useful for structural applications. 
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Catalyzed siloxane exchange chemistry for commodity plastic vitrimer materials 

Jordan Castro, jordaac3@uci.edu, Chase Tretbar, Zhibin Guan. Chemistry, University of 
California Irvine, Irvine, California, United States  

Vitrimers are a recently developed class of polymers whose crosslinked structures grant them 
the mechanical properties of thermosets, while the dynamic nature of such crosslinks renders 
them reprocessable like thermoplastics. A major challenge of the current vitrimer field is the 
development of robust dynamic covalent chemistries that not only exhibit efficient associative 
exchange reactions, but also are scalable for industrial polymers. Toward this goal, we 
discovered a new siloxane exchange chemistry whose Si–O–Si bridge is thermodynamically 
strong, kinetically dynamic via efficient catalysis, and more hydrolytically stable than our 
previously reported silyl ether system. Commodity polymers such as high-density 
polyethylene (HDPE) and isotactic polypropylene (iPP) were converted into vitrimers by 
simple reactive extrusion. The resulting vitrimers demonstrate excellent creep resistance at 
temperatures beyond their melting transition (Tm). The stress relaxation behavior and 
reprocessability/recyclability of the materials were also explored. Additionally, an investigation 
into the siloxane crosslinks’ effect on the morphology of plastic materials is described. 
Collectively, we demonstrate the promise of the dynamic siloxane chemistry by converting 
high volume commodity polymers into recyclable, reprocessable thermosets using industrially 
accessible methods. 
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Isomerization and michael addition chemistry for the production of bioenabled, flame 
retardant nylon 6,6 monomers 

Joseph E. Hadel1,2, jehadel@iastate.edu, Jean Philippe Tessonnier1, Eric Cochran1, Brent 
Shanks1. (1) Chemical and Biological Engineering, Iowa State University, Ames, Iowa, United 
States (2) Joint BioEnergy Institute, Berkeley, California, United States  

As the ability to manipulate metabolic pathways in organisms has expanded the chemicals 
that can be synthesized via fermentation, the range of sustainable, biological-derived 
molecules that can be accessed has significantly grown. A persisting challenge is how to 
select the best target molecule from that array of molecules for a specific end use application. 
One approach involves strategic selection of a biological target that can be used as an 
intermediate for subsequent chemical conversion to a chemical library. This library can then 
be screened for its efficacy in the desired end use application. Using this strategy, muconic 
acid has been identified as an intermediate for synthesizing diacid monomers with new 
functionalities for property enhancements in Nylon 6,6. The hydrogenation of muconic acid to 
trans-3-hexenedioic acid (t3HDA) provides an opportunity to screen the effects of grafting 
single functionalities on a biobased molecule to be used as a property modifier and 
replacement of adipic acid in Nylon 6,6. In this work new chemistry was developed to 
produce trans-2-hexenedioic acid (t2HDA) under mild conditions, and graft nitrogen based 
aromatic thiols to t2HDA. The grafted monomers were co-polymerized with adipic acid and 
hexamethylenediamine, and the flame retardant properties of the synthesized polyamides 
screened to identify promising nitrogen-containing aromatics to afford improvements in end 
use performance without compromising on the polyamide’s properties. 
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Telechelic polyolefins: Model materials to improve recycling pathways 

Aaron Burkey1,2, aaron.burkey@nist.gov, Danyon M. Fischbach2, Kathryn Beers1, Lawrence 
R. Sita2. (1) Materials Science and Engineering Division, National Institute of Standards and 
Technology, Gaithersburg, Maryland, United States (2) Department of Chemistry and 
Biochemistry, University of Maryland at College Park, College Park, Maryland, United States  

Telechelic polyolefins are attractive as macromolecular building blocks to improve plastics 
recycling and circularity. The challenge of synthesizing well-defined telechelic polyolefins has 
inspired many efforts in designing specialized monomers and catalyst systems. The resulting 
polymers frequently suffer from high dispersity and low flexibility in monomer choice. In this 
work, a range of telechelic polyolefins were synthesized via living coordinative chain transfer 
polymerization (LCCTP) and subsequent post-polymerization modification. Low dispersity 
(PDI<1.3), tunable molecular weight, and high degree of end-functionalization (>95%) make 
LCCTP-derived telechelic polyolefins valuable as model materials for elucidation of 
fundamental polymer properties and as functional macromolecular building blocks for the 
realization of new classes of compatibilizers and degradable materials. 
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Physio-chemical modification of polyethylene terephthalate (PET) for improved 
enzymatic recycling 

Akanksha Patel1, Akanksha_Patel@student.uml.edu, Allen Chang1, Sarah Perry1, Yahue 
Soong2, Christian Ayafor2, Dongming Xie2, Hsi-wu Wong2, Margaret J. Sobkowicz1. (1) 
Plastic Engineering, University of Massachusetts Lowell, Lowell, Massachusetts, United 
States (2) University of Massachusetts Lowell, Lowell, Massachusetts, United States  

Enzymatic recycling is an emerging recycling method used to deal with various plastic waste 
forms in an environmentally friendly way. This method has multiple advantages over other 
known recycling methods like mechanical, chemical, or thermal recycling. Enzymatic 
recycling sustainably converts end-of-life polymers into its co-monomer building blocks, all 
while using fewer harmful chemicals than chemical recycling and lower energy processing 
conditions than thermal and mechanical recycling. Although efficiency may be a limiting factor 
for enzymatic recycling, straightforward improvements can be made by modifying the 
enzymes used or by modifying the material properties (e.g., Tg, crystallinity, Mw, IV, etc.) of 
the polymeric substrate. In our work, we have developed a physio-chemical pretreatment 
method for polyester waste forms using reactive extrusion with different chemical reagents in 
an ultra-high-speed twin-screw extruder system. Our aim is to disrupt the packing structure of 
polyethylene terephthalate (PET) and make it more accessible for more enzymatic 
degradation. The pretreated PET has shown lower molecular weight, lower crystallinity, and 
low glass transition temperature as compared to the original PET waste. The effect of varying 
weight percentages of reagents at different extruder throughput and screw speeds was 
evaluated. Intrinsic viscosity (IV), molecular weight (Mw), and thermal properties of extruded 
samples were investigated and compared with the post-consumer PET waste. These altered 
properties have shown promising results in enzymatic degradation. The pretreatments 
investigated here could provide a significantly faster, energy-efficient enzymatic process for 
the recovery of high-value products from waste PET. 

 
Physio-chemical Modification of Polyethylene terephthalate (PET) using an Ultra-high twin-screw 
extruder 
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Exploring the effects of substrate sizes on enzymatic degradation behaviors and costs 
of recycled PET 

Allen Chang1, allen.chang.93@gmail.com, Akanksha Patel1, Sarah Perry1, Yahue Soong2, 
Christian Ayafor2, Richard Brizendine3, Dongming Xie2, Hsi-wu Wong2, Gregg Beckham3, 
Margaret J. Sobkowicz1. (1) Plastics Engineering, University of Massachusetts Lowell, Lowell, 
Massachusetts, United States (2) University of Massachusetts Lowell, Lowell, 
Massachusetts, United States (3) National Renewable Energy Laboratory, Golden, Colorado, 
United States  

Post-consumer recycled polyethylene terephthalate (RPET) flakes were extruded into strands 
(ex-RPET) then enzymatically degraded using an unpurified Leaf Compost Cutinase (LCC) 
enzyme cocktail to better understand the effect of material properties on the degradation 
behavior of PET. Specific surface area [m2g-1], a property that is tied to substrate form factor, 
was investigated to determine its influence on PET degradation rate. At low specific surface 
area, an initial lag phase was observed where little to no degradation occurred up until a 
takeoff point (1-2 days) after which degradation proceeded at velocities typical of the set 
experimental parameters. As specific surface area was increased, the lag phase gradually 
decreased (< 1 day) and degradation began at earlier times. Substrate surfaces at early time 
points were unchanged for the most part, sporting only a few defects and holes. As 
degradation time increased, holes grew larger where present, suggesting that an enzyme 
would find a location to bind to and degradation would spread from the binding site. This 
observation is in agreement with other studies which have sought to understand the binding 
behavior of PET degrading enzymes (e.g. PETase, TfCut2, etc.). The cost tradeoff of 
manually increasing surface area versus allowing the enzyme to create its own surface area 
was explored. The results of this work better inform the recycling community on the effects 
and costs of processing parameters. 

 
Various substrates sizes of recycled PET substrates degraded by Leaf Compost Cutinase enzymes were 
examined. The effects and costs of processing parameters were explored and reported. 
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Hydrolytically degradable epoxy-amine thermosets utilizing hydrolyzable ketal-based 
epoxide monomers 

Benjamin M. Alameda1, benjamin.alameda@usm.edu, Margaret Kumler2, joseph S. 
Murphy1, Derek L. Patton1. (1) Polymer Science and Engineering, University of Southern 
Mississippi, University of Southern Mississippi, Hattiesburg, MS, US, academic, Hattiesburg, 
Mississippi, United States (2) Chemistry, California Polytechnic State University, San Luis 
Obispo, California, United States  

The demand for degradable polymers has risen greatly in recent years due to the concerns of 
plastic waste in the environment and has inspired our investigation into degradable epoxy-
amine materials. Fully degradable epoxy-amine thermosets were synthesized using 
hydrolyzable monomers in combination with a commercially available diamine. Ketal-based 
epoxide monomers were synthesized in high yield using scalable synthetic techniques and 
commercially available starting materials. All thermoset samples were cured at high 
temperatures (180oC) and resulted in glassy, well-defined networks that were capable of 
degrading in low pH aqueous solutions. Hydrolytic degradation of each thermoset 
composition was determined gravimetrically via mass loss vs. time experiments where 
degradation was found to be tunable based on monomer structure. Additionally, carbon-fiber 
composites were constructed using our ketal-based epoxide monomers to demonstrate the 
ability to recycle carbon fibers after complete degradation of the composite matrix. 
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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  

The microencapsulation process is today commonly used at the industrial scale to disperse 
an ingredient (inner phase) in a media (generally water) while protecting it from external 
deterioration (oxidation, UV …). Several molecules can be encapsulated like ink, dye, 
fragrance, oil etc. and the microencapsulation consists in creating a polymeric membrane at 
the surface of the droplets. Among the different membrane elaboration methods, interfacial 
polymerization is nowadays one of the more reported one and the polycondensation of 
melamine (2,4,6-tri-amino-1,3,5-trizine) with formaldehyde (MF) producing aminoplast 
microcapsules is probably the more popular one. 

Since its first developments in 1969, the MF process has been largely industrially used by 
companies like BASF, P&G, 3M to produce microcapsules for different applications 
(cosmetics, textile etc.). 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. The 
problems of water pollution by microplastics (7thplastic continent) and toxicity are indeed are 
high importance and one of the main industrial challenge in a near future. 

To find an alternative to the MF process, we developed a more ecologically friendly method 
to produce (bio)degradable 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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Sustainable functional epoxies through boric acid templating 

Corey M. Parada, drcoreyparada@gmail.com, William C. Corbin. Chemical and Biological 
Sensors, Sandia National Laboratories, Albuquerque, New Mexico, United States  

Polymer derived thermosets (e.g. two-part epoxies, vulcanizable rubbers, polyurethanes, 
etc.) and thermoset composites are classes of materials that contain intermolecular chemical 
crosslinks, which impart excellent thermal, chemical, and mechanical stability. Due to these 
robust properties, these classes of materials often find use in harsh applications and 
environments; however, a direct consequence of this robustness is the tendency for 
thermoset materials to persist in the environment with very slow degradation over long 
periods of time. Efforts throughout the chemical community are currently aimed at addressing 
the balance between long term material performance and environmental sustainability. 

In this talk, we describe the incorporation of a potentially triggerable degradation pathway into 
epoxy-amine thermoset chemistries, through the use of boric acid templating. Under pH 
neutral to alkaline conditions, the boron species could act as a removable scaffold, and the 
resulting porous network structure could be more susceptible to environmental degradation. 
Along with improving environmental degradability, this method could also find use in the 
areas of tunable membranes and carbon capture technologies. 

In this work, we demonstrated the formation of novel boron species from neat mixing of 
amine compounds with boric acid, including one complex that appears highly stable under 
nitrogen atmosphere up to 600 °C. We describe the degradation pathways of cured epoxy 
composites under static and dynamic solvent conditions, as well as the thermal properties of 
various epoxy composites with increasing amount of boric acid. 
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Open-loop recycling of plasticized poly(vinyl chloride) via tandem electrolysis 

Danielle E. Fagnani1, dfagnani@umich.edu, Dukhan Kim2, Sofia Camarero3, Jose Alfaro3, 
Anne J. McNeil1,2. (1) Chemistry, University of Michigan, Ann Arbor, Michigan, United States 
(2) Macromolecular Science and Engineering Program, University of Michigan, Ann Arbor, 
Michigan, United States (3) School for Environment and Sustainability, University of 
Michigan, Ann Arbor, Michigan, United States  

Developing new recycling approaches is needed to avert continued plastic waste pollution in 
the environment. Poly(vinyl chloride) (PVC) is the least recycled commodity polymer because 
both the rapid release of hydrochloric acid (HCl) and presence of plasticizers hinder its 
suitability in established recycling approaches. These recycling barriers are turned into 
advantages in this work, in which HCl is intentionally released from PVC and directly used as 
feedstock to chlorinate arenes in a mild, air- and moisture-tolerant, single-pot paired-
electrolysis reaction. Electrochemical analysis indicates that a common PVC plasticizer 
functions as a redox mediator to improve overall yields. This methodology can chlorinate a 
broad scope of arenes and heteroarenes and consumer plasticized PVC items can be used 
as the chlorine source. These findings demonstrate a direct use for PVC waste and inspire 
development of multi-purpose additives to aid in the end-of-life treatment of plastic waste. 
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Rheo-Raman characterization of crystallizing polyolefin blends 

Derek E. Huang, derek.huang@nist.gov, Anthony Kotula, Chad R. Snyder, Kalman Migler. 
National Institute of Standards and Technology Material Measurement Laboratory, 
Gaithersburg, Maryland, United States  

The processing of mixed polyolefins influences their morphology, crystallization kinetics, and 
material properties, with implications for manufacturing useful products from recycled 
plastics. Polyethylene (PE) and isotactic polypropylene (iPP) are prevalent in the waste 
stream, but their thermodynamic incompatibility restricts the usefulness of blended PE-iPP 
products, and the dependence of domain morphology and crystallization kinetics on 
composition and processing are not well understood. We employ the rheo-Raman 
microscope, phase contrast microscopy, and differential scanning calorimetry to study the 
crystallization and the associated rheology in immiscible PE-iPP blends. We find that the 
transition between co-continuous and droplet morphologies sets the crystallization kinetics 
and the rheology, both during initial crystallization and upon reverse-quenching of blends. 
Our results demonstrate the importance of processing on the structure and properties of 
mixed waste-stream crystallizing polymers and suggest that the usefulness of immiscible 
polyolefin blends may be increased by a better understanding of the processing parameters 
underlying co-continuous morphology. 
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Adsorbent, Polymer Nanoparticle Networks (PNNs) as a Novel Platform for 
Regenerable, Point-of-Use Water Treatment Systems 

James F. Reuther1, james_reuther@uml.edu, Ali Shahrokhinia1, Onur Apul2, Busra Sonmez 
Baghirzade3. (1) Chemistry, University of Massachusetts Lowell College of Sciences, Lowell, 
Massachusetts, United States (2) Civil and Environmental Engineering, University of Maine 
System, Bangor, Maine, United States (3) Civil, Architectural and Environmental Engineering, 
The University of Texas at Austin, Austin, Texas, United States  

The demand for clean drinking water continues to rise as the world population increases 
exponentially requiring new, innovative ideas for rapid and reusable water purification 
methods. Furthermore, new, high-risk pollutants have emerged leading to the need of novel 
filter-based designs for selective removal of such pollutants. To this end, amphiphilic 
copolymer-based nanostructures offer the unique ability to not only selectively tune particle-
size but also chemical composition to tailor specific interactions for high uptake of specific 
target contaminants. Herein, we describe our novel methodology coupling photo-controlled 
ATRP with polymerization induced self-assembly (PISA) for the scalable fabrication of size 
and shape controllable polymer nanoparticles. These are fabricated using functional initiators 
to form polymer nanoparticles with different functionalities decorated around the periphery. 
Taking advantage of these functionalities, inter-nanoparticle crosslinking reactions were 
accomplished with PEG-based crosslinkers forming modular adsorbent networks capable of 
sequestering various pollutants from aqueous media. The interstitial porosity within these 
nanoparticle networks and encapsulation potential of the individual nanoparticles provides a 
unique, novel platform for adsorption of organic/inorganic contaminants from drinking water at 
the point-of-use. Furthermore, the thermal network dissociation/reconfiguration of dynamic, 
polymer nanoparticle networks (PNNs) offers a possible mechanism for low-energy 
regeneration of adsorbents simply using boiling water for dissociation. The preliminary 
adsorption and regeneration capabilities of these materials are also described. 
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Recycled carpet-reinforced composites from polypropylene carpet and HDPE resin 

Reza Azarfam1, azarfam@okstate.edu, Anuj Maheshwari1, Siddhesh Chaudhari2, Clinton 
Switzer2, Jay C. Hanan4, Sudheer Bandla3, Ranji Vaidyanathan2, Frank D. Blum1. (1) 
Chemistry, Oklahoma State University, Stillwater, Oklahoma, United States (2) School of 
Materials Science & Engineering, Oklahoma State University, Tulsa, Oklahoma, United 
States (3) Niagara Bottling LLC, Diamond Bar, California, United States (4) School of 
Mechanical and Aerospace Engineering, Oklahoma State University, Tulsa, Oklahoma, 
United States  

More than 90% of post-consumer carpets end up in landfills in the U.S. Almost one-third of 
the post-recycled plastic bottles’ enter the waste stream. Finding an application for these 
materials to increase the value of the recycled materials could enhance sustainability goals. A 
method was developed for making recycled composites from post-consumer polypropylene 
carpet and recycled HDPE resin. Compression molding of components under different 
pressures, temperatures, and compositions was performed. Preliminary molding conditions 
were arrived at analyzing the differential scanning calorimetry (DSC), thermal gravimetric 
analysis (TGA), and melt viscosity data for different raw material combinations. Molding 
factors were screened to define applicable ranges for each parameter. The effects of 
components configuration and composition, temperature, molding time, and pressure were 
considered in the screening process. Mechanical properties of composites were determined 
by the 3-point flexural, creep, and impact tests. The morphology of composites was also 
studied by optical microscopy. A factorial design of experiments analysis was then applied to 
define the optimum values (or ranges) for the compression molding. The molded materials 
showed significant mechanical strength and modulus compared to those required for 
structural composites. 
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Network architecture effects on the vitrimeric behavior of ternary thiol-
ene/thiourethane covalent adaptable networks 

Reese Sloan, reese.sloan@usm.edu, Pritha Bhunia, Derek L. Patton. Polymer Science and 
Engineering, University of Southern Mississippi, Hattiesburg, Mississippi, United States  

Vitrimers represent an interesting class of materials that exhibit many of the desirable 
properties of conventionally crosslinked materials, while also being able to be reprocessed 
through the utilization of dynamic exchangeable crosslinks. Recently, the thiourethane moiety 
has been explored as a potential dynamic crosslink in vitrimeric materials, as it exhibits both 
associative and dissociative exchange pathways in response to an external stimulus. Herein, 
we aim to utilize the selectivity of various thiol-X reactions to achieve rapidly forming 
vitrimeric systems. In the present study, a sequential “one pot – two step” process was 
utilized to develop a series of ternary thiol-ene/thiourethane networks with varying crosslink 
densities to understand how these systematic changes in network architecture effect the 
material’s vitrimeric behavior. Each network studied exhibited rapid curing under UV 
irradiation, consistent with photocured thiol-ene network fabrication, and excellent network 
reprocessibility imparted by the dynamic exchange of the thiourethane linkages. By relating 
the relative rates of stress relaxation to the Arrhenius relationship, we were able to determine 
that crosslink density plays a crucial role in the Ea and Tv of this class of materials. 
Furthermore, we found that the crosslink density is pivotal in maintaining the mechanical 
properties of these materials as a function of reprocessing. 

 
Illustration of "one pot-two step" process utilized to develop ternary thiol-ene/thiourethane vitrimers.  
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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 
conditions. 

 
Recyclable Lignin Thermosets 
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Bifunctional catalysis for polyethylene upcycling to alkylaromatics 

Yu-Hsuan Lee, y_lee476@ucsb.edu, Jiakai Sun, Susannah L. Scott, Mahdi M. Abu-Omar. 
University of California Santa Barbara, Santa Barbara, California, United States  

The rapid production of plastics and the increasing accumulation of plastic waste have 
become a major concern for the environment and sustainability. Existing methodology such 
as pyrolysis requires high energy input and mechanical recycling is limited and leads to 
downcycling to lower value materials. Inefficient recycling methods associated with waste 
disposal have triggered the demands to develop novel ways to manage the end-of-life of 
plastic wastes and achieve a circular economy. Polyethylene (PE) is one of the most 
common plastics used to make single-use consumer products. In this study, we investigated 
metal/acid bifunctional catalysts for tandem transformation of PE to high-value alkylaromatics 
under moderate reaction temperature (280 °C) without the addition of external hydrogen and 
solvent. Platinum as the metal site for hydrogenolysis/dehydrogenation is combined with 
various supports (SiO2, gamma alumina, silica alumina, HZSM-5) to provide effective 
bifunctional catalysts. In a model study on long chain alkanes (n-C30H62), products analysis 
suggest that Pt alone on nonacidic support showed negligible reactivity while varying product 
distributions were observed for different acidic supports. By applying lessons learned from 
the model systems to polymer reactions, we were able to achieve depolymerization to liquid 
products under 1 h reaction times and high selectivity for aromatic compounds. 
Understanding the role of the metal and acid sites in the overall process allowed us to design 
better catalysts. 
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Reinventing production: Carbon’s digital light synthesis platform 

Jason P. Rolland, jason@eipisystems.com. Materials, Carbon, Inc., Redwood City, 
California, United States  

This presentation will provide an overview of Carbon’s Digital Light Synthesis (DLS) platform. 
We will discuss how DLS provides the key elements - speed, materials, and software - to 
enable true digital manufacturing at scale. Carbon’s dual-cure materials platform enables a 
broad portfolio of high performance resins for a variety of production applications. By 
combining light-curable chemistry with thermally-curable chemistry, high resolution parts with 
outstanding mechanical and thermal performance are now possible. Finally, we will present a 
variety of production applications enabled by DLS across a range of industries including 
footwear, protective cushioning, automotive, consumer products, dental, and medical. 
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Single digit micron high-resolution 3D CLIP technology 

Kaiwen Hsiao1, kwhsiao@stanford.edu, Brian Lee2, Audrey Shih1, Gabriel Lipkowitz3, Tim 
Samuelsen3, Joseph M. DeSimone1,2. (1) Chemical Engineering, Stanford University, 
Stanford, California, United States (2) Radiology, Stanford University, Stanford, California, 
United States (3) Mechanical Engineering, Stanford University, Stanford, California, United 
States  

High-resolution Continuous Liquid Interface Printing (CLIP) technology is a promising additive 
manufacturing technique for delivering high-resolution micro-architectures with phenomenal 
print quality suitable for a wide range of applications, including bio-oriented applications in 
drug delivery, optics, sensors fabrication, and microelectronics backend packaging. 

Herein we report the development of a new high-resolution 3D printer using the Continuous 
Liquid Interface Printing (CLIP) technology. Using our customized optical system, home-built 
software, and hardware interface to control the translational stage and the projection of digital 
micromirror device, we have built a printer that can have a range of pixel sizes including 30 
µm, 3.7 µm, and 1.5 µm. We have also demonstrated 3D printing of microstructures with a 
diversity of materials with an axial resolution at < 1um and at print speed 100 times faster 
than conventional stereolithography. By incorporating photopolymerization kinetics modeling, 
optical system simulations, and fluid dynamics simulations of different polymeric materials, 
we are also developing a digital twin of the 3D CLIP printer that allows an understanding of 
our 3D printing process which is key to enable high resolution printing success and opens the 
door to new ideas in 3D printing including a “smart-print” process that dynamically tailors the 
print parameters to minimize the error between part design and first print success. 

Taken together, this works builds upon the fundamental understanding of polymer physics, 
photo-polymerization kinetics and optics and combines them through hardware 
implementation, software control and physical chemistry modeling, that can significantly 
advance the current landscape of additive printing technology that will benefit 
multidisciplinary research fields. 
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Dual cure elastomers in 3D Printing for production applications 

Kai Chen, kai@carbon3d.com. Carbon Inc., Redwood City, California, United States  

Conventional resins used for vat polymerization-based 3D printing suffer from poor 
mechanical properties such as low elongation-at-break, low impact strength etc. We 
demonstrated a versatile dual-cure approach, in which a second curing process such as 
thermal baking is employed after the CLIP (Continuous Liquid Interface Production) process 
to boost the material properties. Herein, we present our method to grow high molecular 
weight polyurethane in the printed parts to provide unprecedented properties in the resin 
world of 3D printing. A UV-curable, isocyanate blocking monomer is used to stabilize 
otherwise reactive polyurethane prepolymer with free isocyanate groups. Such acrylate-
blocked polyurethanes are used in different formulations with selected diluents to form shelf-
stable formulations, and upon mixing with curative(s) such as an amine, can provide long 
enough pot-life needed for most 3D printing projects combined with the fast printing speed of 
CLIP. Thermal bake thereafter triggers the deblocking of isocyanate, which reacts with the 
curative to reach high molecular weight. The resulting material is a double network of 
polyurethane and poly(meth)acrylates, and by tuning the two networks, we can produce a 
wide range of materials from rigid to elastomeric. In the elastomer cases, we can control the 
hard-soft segment phase separation in the polyurethane network, along with choosing UV 
diluents to give a wide range of glass transition temperature in the polymethacrylate network, 
resulting in highly resilient elastomers used in applications such as the adidas 4D midsoles, 
Specialized bike saddles, and high energy absorbing elastomers used for protection 
applications such as Riddle and CCM helmets. 
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Scalable 3D printed lattices for control in fluid and aerosol applications 

Catherine Fromen, cfromen@udel.edu. Chemical and Biomolecular Engineering, University 
of Delaware College of Engineering, Newark, Delaware, United States  

Additive manufacturing has enabled realization of previously unproducible designs, such as 
intricate lattice networks, resulting in hierarchical porous materials of tunable properties. Such 
materials have demonstrated utility in heat exchangers, reaction vessels, structural scaffolds, 
biomedical implants, consumer products, and process intensification. Here, we investigate an 
assortment of lattice architectures in the context of fluid dynamics and mass transfer 
applications. Using a Carbon M1 3D printer, we produce lattice parts for experimental 
pressure studies with homogeneous and heterogeneous unit cell configurations. We examine 
how scaling of the unit cell and overall part geometry contribute to fluid phenomena within 
these ordered open cellular structures and present guidelines for designing lattice 
configurations. Experimentally measured pressure gradients through uniform cubic and 
Kelvin lattices at two sub-5 mm length scales, as well as combinations of each lattice 
configuration, are presented for pipes ranging from 12-52 mm diameter. We also 
demonstrate the potential for leveraging these porous materials for differential aerosol 
capture, with distinct filtration and spatial deposition modelling applications. Further, our 
results can be well described through a single predictive correlation across different lattice 
geometries and scales, establishing the design criteria needed to continue to translate these 
materials into process intensification applications. Together, these developments support the 
promise for tailor-made, multifunctional process components for a wide range of chemical 
engineering applications. 
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Response of nanostructured block copolymer electrolytes to large currents in lithium 
batteries 

Nitash P. Balsara1,2, nbalsara@berkeley.edu. (1) Chemical and Biomolecular Engineering 
Department, University of California Berkeley, Berkeley, California, United States (2) 
Materials Sciences Division, University of California Berkeley, Berkeley, California, United 
States  

The need for creating safe electrolytes for lithium batteries is significant given the continued 
safety problems associated with current lithium-ion batteries. Nonflammable polymer 
electrolytes offer a possible solution. In this talk, I will discuss some of the fundamental 
factors that limit ion transport in polymers. A crucial parameter of any electrolyte is the limiting 
current, the current at which the negative electrode is depleted of lithium ions due to 
concentration polarization. We show that nanostructured block copolymer electrolytes with a 
lamellar morphology undergo significant morphological changes as they accommodate large 
currents. Near the negative electrode, lamellae aligned perpendicular to the path of ion 
transport shrink preferentially as they depleted of salt, relative to lamellae aligned in the 
parallel direction near the negative electrode. The parallel lamellae provide avenues for ion 
transport and this could be deduced by intuition. The perpendicular lamellae play a 
surprisingly important role. They accommodate salt concentration gradients necessary for 
battery operation, and this is not readily deduced by intuition. Consequently, the limiting 
current in block copolymers is dictated by the extent to which lamellae can swell, rather than 
local salt concentration. 

/  
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Electrically fueled dissipative self-assembly of active materials 

Zhibin Guan, zguan@uci.edu. Chemistry, University of California Irvine, Irvine, California, 
United States  

Fuel-driven dissipative self-assemblies play essential roles in living systems, contributing 
both to their complex, dynamic structures and emergent functions. Several dissipative 
supramolecular materials have been created using chemicals or light as fuel, with the goal of 
furthering our understanding of biological systems and creating new materials with life-like 
dynamic properties. However, electrical energy, one of the most common energy sources, 
has remained unexplored for such purposes. Here we demonstrate a new platform for 
creating active supramolecular materials using electrically fueled dissipative self-assembly. 
Through an electrochemical redox reaction network, a transient and highly active 
supramolecular assembly is achieved with rapid kinetics, directionality, and precise 
spatiotemporal control. As electronic signals are the default information carriers in modern 
technology, the described approach offers a promising opportunity to integrate active 
materials into electronic devices for bioelectronics applications. 
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3D Printed adsorbers for capturing chemotherapy drugs before they spread through 
the body 

Hee Jeung Oh, hjoh@psu.edu. Chemical Engineering, Pennsylvania State University, 
University Park, Pennsylvania, United States  

Cancer is becoming the leading cause of death in most developed nations. Despite efforts to 
develop targeted and personalized cancer therapeutics, dosing of the cancer 
chemotherapeutics is limited by toxic side effects. During intra-arterial chemotherapy infusion 
to a target organ, typically, more than 50-90% of the injected drug is not trapped in the target 
organ and bypasses the tumor to general circulation, causing toxicities in distant locations. 

In the context of reducing the toxicity of chemotherapy, we have designed, built, and 
deployed porous adsorbers for capturing chemotherapy drugs before they spread through the 
body. The porosity was obtained by 3D printing of lattice structures. The surface of porous 
cylinders was coated with an ion-containing nanostructured block polymer which is 
responsible for capturing doxorubicin, a widely used chemotherapy drug with significant toxic 
side effects. Using a swine model, our initial design enables the capture of 69 % of the 
administered drug without any adverse effects. Additional improvement may be obtained by 
changing the chemical composition of the selective membrane layer and controlling the lattice 
structure and size with elastomers. 
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The use of long-acting implant formulations to improve patient adherence 

Stephanie E. Barrett, stephanie_barrett@merck.com. Merck & Co Inc, Kenilworth, New 
Jersey, United States  

Despite significant medical advances, patient adherence remains a major hurdle to more 
broadly successful therapeutic regimens, independent of disease area. Lack of patient 
adherence can be attributed to a number of causes, including psychological factors, social 
stigma, high pill burden, challenges of managing multiple prescriptions, undesirable side 
effects, duration of therapy, or forgetting to take the medication. Alternatives to daily oral 
medications, including injectable long-acting formulations, have the potential to provide 
patients with more convenient therapeutic options. For example, long-acting implants such as 
Nexplanon® have offered women a convenient and robust method of contraception over 
conventional daily oral products.  

Patient adherence is particularly important in the treatment of HIV infection. Highly durable 
regimens are required that mitigate the potential for the development of drug resistance that 
can render entire classes of drugs ineffective. Inadequate drug concentrations resulting from 
imperfect use of regimens that do not provide forgiveness for late or missed doses 
significantly increase the likelihood of the development of drug resistance. Long-acting 
injectable formulations of HIV antivirals could greatly improve adherence by increasing the 
duration between dosing, providing improved pharmacokinetics, and enabling health care 
providers the ability to track dosing status and compliance when administered in a clinical 
setting. Islatravir, an investigational nucleoside reverse transcriptase translocation inhibitor 
(NRTTI) with sub-nM potency is currently in clinical development for the treatment and 
prevention of HIV. The potency, pharmacokinetic, and physical properties of Islatravir make it 
an ideal candidate for extended duration dosing, including as a long-acting formulation. 
Implant formulations of Islatravir exhibited continuous, extended-duration drug release in 
rodents and rhesus with Islatravir plasma levels supportive of a dosing duration exceeding 6 
months. The impact of long-acting parenteral formulations, preclinical and clinical studies on 
Islatravir implants will be discussed. 
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2022 E.V. Murphee award in Industrial and Engineering chemistry award talk 

Joseph M. DeSimone1,2, jmdesimone@stanford.edu. (1) Chemical Engineering, Stanford 
University, Stanford, California, United States (2) Radiology, Stanford University, Stanford, 
California, United States  

2022 E.V. Murphee Award in Industrial and Engineering Chemistry Award Recipient, Prof. 
Joseph DeSimone, will close the session with highlights from recent advances in his lab. 
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Understanding chemical circularity in polydiketoenamine plastics 

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

Polydiketoenamine (PDK) is an emerging class of plastics that can be efficiently 
deconstructed to the original triketone and amine monomers using low intensity chemical 
processes. Controlling the rate at which bonds in the polymer are hydrolyzed in strong acid is 
an emerging area of interest, enabling chemical recycling of complex products made from 
several classes of PDK resins. Likewise notable is the impact of formulation on recycling 
rates, hlghlighting the importance of examining the foundations of polymer reactivity beyond 
the bond. I discuss this multi-lengthscale perspective, where a convergence of experiment, 
theory, and advanced characterization bring into focus design rules. I will discuss how to 
minimize parasitic losses in chemical recycling, toward infinite recyclability. I will also discuss 
how such considerations can be applied to the chemical recycling of polymers with a broad 
range of useful and advantaged properties. As most PDK resins can be produced from 
biorenewable raw materials, the platform appears well poised to address the sustainability of 
plastics as we transition to plastics as a service in a circular economy. 
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Synthetic biology off planet for game-changing solutions for a greener earth 

Lynn J. Rothschild, lynn.j.rothschild@nasa.gov. NASA Ames Research Center, Moffett 
Field, California, United States  

Synthetic biology – creating new capabilities with life – promises to create a greener future for 
planet Earth, from fields as diverse as pharmaceuticals to manufacturing, agriculture and 
nanotechnology. Progress can be stymied by such considerations as economics, politics, 
legal and philosophical issues surrounding GMOs. Often solutions to these problems already 
exist, so it is difficult for a new, superior method to displace the old. As we move humans 
beyond Earth, to long duration stays in the International Space Station, and then onward to 
the Moon and Mars, the challenges of supporting human life will need radical new solutions. 
For example, while life on Earth uses an enzymatic machinery which evolved close to 3 
billion years ago, synthetic biology promises to be able to engineer the systems to adapt to 
current natural or industrial environments. A focus on solutions off planet require a focus on a 
circular economy. While there are new constraints, such as worrying about the mass of a 
solution, constraints offer opportunities for game-changing solutions that will then allow 
revolutions back on our home planet. 
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Degradable and thermally stable spiro polycycloacetals from renewable resources 

Megan L. Robertson, mlrobertson@uh.edu, Minjie Shen, Srikanth Vijjamarri, Hongda Cao, 
Fahimeh Khakzad, Yanchun Tang, Karla Solis. William A. Brookshire Department of 
Chemical and Biomolecular Engineering, University of Houston, Houston, Texas, United 
States  

A series of partially bio-based spiro polycycloacetals were synthesized using bio-renewable 
feedstocks, such as vanillin and its derivative syringaldehyde, along with pentaerythritol and 
commercially available co-monomers including 4,4′-difluorobenzophenone and bis(4-
fluorophenyl) sulfone. These spiro polycycloacetals displayed high thermal stabilities 
(degradation temperatures in the range of 343 – 370 °C, as quantified by 5% mass loss) and 
glass transition temperatures (in the range of 179 – 243 °C). Importantly, these polymers 
were effectively degraded to small molecules under acid-catalyzed hydrolytic conditions in 
less than 7 h. The kinetics of hydrolytic degradation was quantified through in situ NMR 
analyses. 
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Malleable thermosets and their functional composites with closed-loop recyclability 

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 talk will focus on the development of a couple of 
different types of catalyst-free network polymers, which become malleable upon activation, 
thus enabling its unique processability and full recyclability while retaining tough mechanical 
properties. The applications of these malleable thermosets in functional composites 
fabrication, e.g., solid-state electrolyte membrane, carbon fiber reinforced composites, 
electronic skin, 3D printing, will also be discussed. 
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Creating degradable thermosets from new dioxepenes 

Julia Pribyl, julia.pribyl@gmail.com, Bronte Bacchetta. Chemistry Department, US Naval 
Academy, Annapolis, Maryland, United States  

This talk will share recent progress creating unsaturated polyacetals from novel dioxepenes. 
The acetal group is a famous organic protecting group for its stability in a variety of 
conditions, but easy and fast deprotection in acidic conditions. New degradable polymers will 
harness the ease of acetal deprotection. Ultimately, the goal is to create thermoset materials 
that fully degrade into useful small molecules. Specifically, we have created ethyl-
halogenated dioxepene derivatives which are polymerizable by entropy-driven ring-opening 
metathesis polymerization. Recent results and the outlook of this work will be discussed. 
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Conversion of low-cost agricultural residues to nanocellulose products 

Renata Bura2, renatab@uw.edu, Danielle Uchimura Pascoli2, Rick Gustafson2, Anthony 
Dichiara2, Eleftheria Roumeli1. (1) Materials Science and Engineering, University of 
Washington, Seattle, Washington, United States (2) Bioresource Science and Engineering, 
University of Washington, Seattle, Washington, United States  

Nanocellulose’s unique characteristics make it a valuable material for many applications. 
Currently, the production capacity of cellulose nanofibers (CNF) is scarce due to high 
production costs, resulting in CNF prices up to $1000/kg. CNF is commonly produced from 
bleached wood fibers using expensive chemicals followed by mechanical fibrillation. Our 
ultimate goal is to develop an inexpensive method to produce nanocellulose, thus increasing 
the production capacity and lowering the cost of CNF for applications such as “smart 
packaging”, and bioplastic. Our process uses low-cost agricultural residues combined with 
mild process conditions and simple process units for easy scale-up. Briefly, the process 
involves chemi/mechanical treatment, mechanical fibrillation, and homogenization. The final 
nanocellulose products contain cellulose, hemicellulose, and lignin and are referred to as 
lignocellulosic nanofibrils (LCNF) and microfibrils (LCMF). Further homogenization step 
results in two new products: homogenized H-LCNF and H-LCMF. TEMPO oxidation was 
performed for comparison, resulting in TEMPO-CNF. 

Our LCNF and H-LCNF had similar morphology to that obtained via TEMPO oxidation. LCMF 
and H-LCMF showed a uniform network with much higher fiber size ratios (16 nm wide). 
Despite TEMPO-CNF having a significantly higher charge density than all other samples, our 
nanocellulose products showed colloidal stability due to high hemicellulose content. Finally, 
the different nanocelluloses produced were used as reinforcing agents in PVA composite 
films, and they all showed improvements in Tensile Strength and Young’s Modulus compared 
to neat PVA. PVA/H-LCNF showed remarkable enhancement in both strength and toughness 
of the material, which is not very common in composites. 
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Toward zero environmental impact materials in the IT Industry 

Bichlien Nguyen1,2, bnguy@microsoft.com, Karin Strauss1,2, Vikram Iyer2, Winston 
Saunders4, Vaidehi Oruganti4, Nicholas Keehn4, Eleftheria Roumeli3. (1) Microsoft Research, 
Redmond, Washington, United States (2) Paul G. Allen School of Computer Science and 
Engineering, University of Washington, Seattle, Washington, United States (3) Materials 
Science and Engineering, University of Washington, Seattle, Washington, United States (4) 
Microsoft Corp, Redmond, Washington, United States  

Rapid development and urbanization have placed strains on human and planetary health. As 
a society, we are at a critical juncture to reduce CO2 in our atmosphere and mitigate the 
effects of climate change, which will require a multimodal approach. Chemicals and materials 
are fundamental to many facets of modern society, but they come with a large embodied 
carbon and waste footprint. In this talk, I will be introducing efforts at Microsoft Research 
which aim to design new materials with minimal environmental impact. In particular, I will 
introduce our vision for sustainable production of common materials such as plastics and 
concrete and introduce the work around reimagining printed circuit boards with sustainability 
and end-of-life in mind. 
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Tranforming addition-type and step-growth-type thermosets and their composites into 
thermoplastics with full recovery of crosslink density after reprocessing and 
recovering monomer from such spent polymers 

John M. Torkelson, j-torkelson@northwestern.edu. Northwestern University, Evanston, 
Illinois, United States  

Production of conventional crosslinked polymer networks and their composites, i.e., 
thermosets and thermoset composites, was estimated at 40 billion kg of polymer in 2020. 
Unfortunately, thermosets cannot be melt-reprocessed into high-value products because 
permanent crosslinks prevent melt flow. Examples include rubber tires and polyurethane (PU) 
foam, with major economic and sustainability losses as a result. Here, we report on research 
employing simple one-step or two-step reactions to produce networks with dynamic covalent 
crosslinks that are robust at use conditions but allow for melt-state reprocessing at high 
temperature. We have developed two approaches that allow for melt-state reprocessing of 
addition-type polymer networks and network composites, including those synthesized directly 
from monomers containing carbon-carbon double bonds and those synthesized from 
combined polymer and monomer with both containing carbon-carbon double bonds. These 
approaches allow for full crosslink density recovery after multiple reprocessing steps. We 
have also made reprocessable PU and PU-like networks, from polyhydroxyurethane (PHU) 
and polythiourethane (PTU), with full recovery of crosslink density. An “Achilles’ heel” is 
associated with dynamic covalent networks, i.e., they are subject to creep at elevated 
temperature. We have addressed this limitation in two ways. First, we replace a fraction of 
dynamic covalent crosslinks with permanent crosslinks. Second, we use dynamic chemistry 
with a high activation energy, allowing for reprocessability at high temperature but with the 
dynamic chemistry essentially fully arrested well above room temperature, e.g., 70-80 °C. We 
have also developed simple approaches for monomer recovery from spent PHUs and PTUs. 

 
DMA measurements of a dynamically 
crosslinked poly(hexyl methacrylate) network 
demonstrating full crosslink density recovery 
after 3 remoldings. 
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Sustainability and circular economy in plastics and waste management policies 

Rachel A. Meidl, rameidl21@gmail.com. Baker Institute for Public Policy, Rice University, 
Houston, Texas, United States  

Global energy production, environmental concerns, and the plastic waste crisis have 
increased focus on sustainable sources of energy, decarbonization efforts and waste 
reduction strategies such as advanced (chemical) recycling of plastics. With a national and 
global focus on a climate plan that prioritizes clean energy, circular economy and 
sustainability, it is critical to integrate life-cycle dimensions and a systems perspective into 
future policies to identify, quantify, and assess the social, environmental, and economic 
implications of products, processes and technologies across their life cycle. Transforming the 
plastics and waste management system and evolving to a circular economy will only be 
sustainable if impacts along the entire value chain are appropriately measured. If circularity is 
the preferred way forward, policies should consider advanced recycling technologies that 
transform plastic waste into value-added commodities that can be used as a feedstock for the 
production of fuels, new chemicals, virgin-grade polymers and other materials. 
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Is biodegradability a solution to managing plastic wastes? Re-design of polymer 
molecular structure for biodegradability and compostability 

Ramani Narayan, narayan@msu.edu. Chemical Engineering & Materials Science, Michigan 
State University, East Lansing, Michigan, United States  

Replacing carbon-carbon backbone polymer plastics (like polyethylene, and polypropylene) 
used in non-durable packaging, and single use products with compostable, and fully 
biodegradable polymers offers responsible end-of-life option for recovering and treating 
plastics waste in harmony with the circular economy model. Industrial composting is a 
managed end-of-life organic (food, paper, and green wastes) waste management system 
under which complete biodegradation (microbial utilization) of compostable plastics takes 
place. However, compostability must be validated using ASTM/ISO International Standards. 

Unfortunately, there is much misunderstanding and misleading product claims about 
biodegradability and compostability in the marketplace. This @EnvSciTech article reports 
necessary requirements for assessing and reporting plastic biodegradation 
https://pubs.acs.org/doi/10.1021/acs.est.9b04513 . Biobased plastics in which fossil carbon is 
replaced in part or completely by bio carbon offers the value proposition of a reduced carbon 
footprint, enhanced rural agrarian economies, and contributes to food security. Biobased 
plastics may or may not be biodegradable. 
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Bioplastics obtained directly from biomass: Challenges & opportunities 

Andrew M. Jimenez1, Hareesh Iyer1, Mallory Parker1, Jeremy Fredricks1, Marissa A. Nelsen1, 
Bichlien Nguyen2,3, Karin Strauss2,3, Eleftheria Roumeli1, eroumeli@uw.edu. (1) Materials 
Science and Engineering, University of Washington, Seattle, Washington, United States (2) 
Paul G. Allen School of Computer Science and Engineering, University of Washington, 
Seattle, Washington, United States (3) Microsoft Research, Redmond, Washington, United 
States  

The global transition to circular economy calls urgently for the development of novel 
polymeric materials to serve as alternatives to commodity plastics. These new materials 
should ideally combine fabrication from renewable resources, tailorable performance and 
biodegradability. Biopolymers, which are polymers synthesized from living organisms, such 
as cellulose and chitin, owing to their abundance, hierarchical design and unique molecular 
composition, lead the way for self-bonded polymer matrix materials which combine tunable 
mechanical performance and biodegradability. Such biopolymers are synthesized by plants, 
algae or fungi and most commonly, upon extraction, they are introduced as filler in other 
plastic matrices, thus creating biocomposite materials. However the extraction processes 
require extensive chemical and thermo-mechanical treatments, which are generally low-yield, 
generate waste and are energy-intensive. An alternative strategy is to maintain the entire 
biomass, and use it without extracting the high-performance polymer components. 

In this work, we fabricate and characterize the microstructure, mechanical and thermal 
properties of bioplastics obtained directly from plant and algal biomass. Using commercially 
sourced biomass, such as spirulina and chlorella powders, we study the effects of 
plasticization as induced by natural, low-carbon sugar additives. The bioplastics are 
characterized in terms of their microstructure through scanning electron microscopy (SEM), 

and their crystalline features are 
studied through X-ray diffraction (XRD). 
We measure the mechanical properties 
of the produced bioplastics across 
multiple length scales. Tensile testing 
reveals the properties at the macro-
scale, and nanoidentation allows the 
local properties at the microscale to be 
studied. Finally, regeneration strategies 
through dissolution in water are 
discussed. 

 
Biomass-based bioplastics 
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Development of lignin-based biodegradable polymers having tailored chemical 
structure 

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 abundant plant-based biopolymer that has high concentration of aromaticity which 
enhances mechanical and thermal properties. The production of lignin is primarily from the 
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. 
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From recycled bottles and carpets to reinforced plastics 

Frank D. Blum1, fblum@okstate.edu, Mohamadreza Y. Azarfam1, Anuj Maheshwari1, 
Siddhesh Chaudhari3, Clinton Switzer3, Jay C. Hanan4, Ranji Vaidyanathan3, Sudheer 
Bandla2. (1) Chemistry, Oklahoma State University, Stillwater, Oklahoma, United States (2) 
Niagara Bottling LLC, Diamond Bar, California, United States (3) School of Materials Science 
and Endineering, Oklahoma State University, Tulsa, Oklahoma, United States (4) Mechanical 
and Aerospace Engineering, Oklahoma State University, Tulsa, Oklahoma, United States  

We report on a project aimed at improving the recycling rates for both post-consumer carpets 
(primarily polypropylene and polyester) and plastic beverage bottles. These composites are 
designed to incorporate all parts of these two materials, such as the carpet backings, and 
bottle caps and wrappers. In this presentation, we will focus on the production of composites 
from polypropylene carpets and polyolefin resins. The mechanical properties of these 
materials were found to be suitable for structural materials. 
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Natural fiber welding: Complex high-performance composites that displace plastics 

Luke M. Haverhals, luke.haverhals@gmail.com. Natural Fiber Welding, Peoria, Illinois, 
United States  

Natural Fiber Welding, Inc. (NFW) is scaling disruptive technologies that produce high 
performance materials directly from plants. Presently, there is much focus on ‘sustainable’ 
materials and ‘circular economy’. For those that deeply understand consumer products that 
are made with synthetic components (e.g., polyester and polyurethane in shoes, clothes, 
furniture, auto interiors), it is well noted that there are few conventional technical options to 
solving the cascade of issues that prevent plastic-containing products from being holistically 
‘sustainable’ and/or ‘circular’. Moreover, it is becoming quite clear after decades of large-
scale investments that most biomaterials alternatives have severe limitations including that 
many ‘biotech’ materials that are often mixed with plastics and can thus never be truly 
‘circular’ and/or biomaterials that do not perform at meaningful price points that govern large 
consumer markets. 

NFW has taken a fundamentally new approach to making materials. NFW delivers never 
before possible technical materials while using all-natural inputs. NFW is launching materials 
that have ‘dual circularity’ in large consumer markets. That is complex biocomposites that can 
both be recycled and/or returned to the earth at the end of their useful lifetimes. Moreover, 
these novel biocomposites are produced from regeneratively sourced ingredients (e.g., food 
waste) and while using extremely efficient manufacturing technologies. This presentation will 
focus on several case studies of how NFW is producing technical materials and delivering 
production solutions that bring holistic sustainability and circularity into large consumer 
markets. 
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3D Printed bioplastic materials based on globular proteins 

Alshakim Nelson, alshakim@uw.edu, Eva Sanchez-Rexach, Patrick Smith. Chemistry, 
University of Washington, Seattle, Washington, United States  

Bio-sourced and biodegradable polymers for additive manufacturing could enable the rapid 
fabrication of parts for a broad spectrum of applications ranging from healthcare to 
aerospace. However, a limited number of these materials are suitable for vat 
photopolymerization processes. Herein, we report a two-step additive manufacturing process 
to fabricate protein-based constructs using a commercially available laser-scanning SLA 
printer. Methacrylated bovine serum albumin (MA-BSA) was synthesized and formulated into 
aqueous resins that was used to print complex 3D geometrical constructs with a resolution 
comparable to a commercially available resin. The MA-BSA resins were characterized by 
rheometry to determine the viscosity and the cure rate, as both of these parameters can 
ultimately be used to predict the printability of the resin. In the first step of patterning these 
materials, the MA-BSA resin was 3D printed, and in the second step, the printed construct 
was thermally cured to denature the globular protein and increase the intermolecular 
noncovalent interactions. Thus, the final 3D printed part was comprised of both chemical and 
physical cross-links. Compression studies of hydrated and dehydrated constructs 
demonstrated a broad range of compressive strengths and Young’s moduli that could be 
further modulated by adjusting the type and amount of co-monomer. The printed hydrogel 
constructs demonstrated good cell viability (> 95%) after a 21-day culture period. This 
strategy was demonstrated with laser-scanning SLA printing, but is expected to be applicable 
toward other types of vat photopolymerization processes. 
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Valorization of polymer waste via fluorination: The potential to synthesize amphiphilic 
copolymers via photocatalyzed decarboxylative fluorination of super-absorbent 
polymers 

Michael Talley1, mtalley90@gmail.com, Craig Machado2, Tianwei Yan2, Darien Nguyen2, 
Panagiotis Dimitrakellis2, Thomas H. Epps2, Mary P. Watson1. (1) Chemistry and 
Biochemistry, University of Delaware, Newark, Delaware, United States (2) Chemical and 
Biochemical Engineering, University of Delaware, Newark, Delaware, United States  

Polymer to polymer upcycling is an attractive complement to plastic recycling. It saves energy 
from depolymerizing and reforming a polymer while adding functionality. Valorizing polar 
poly(acrylic acid) (PAA) with fluorine would add hydrophobicity and sturdy self-cleaning 
properties creating unique adhesive and fluorophobic polymers. These polymers could see 
similar applications to other fluorocarbon polymers like nonstick pans (Teflon™) and vaulted 
ceilings for water sports (PCTFE). Unfortunately, traditional copolymerization of polar 
acrylates and fluorinated olefins is met with low success. 

An alternative approach is the post-polymerization fluorination (PPF) of PAA. However, 
classic approaches to PPF require harsh chemicals like hydrofluoric acid and sulfur 
tetrafluoride. A more recent report utilizes silver nitrate to synthesize poly(acrylic acid-r-vinyl 
fluoride) (PAA-r-PVF). However, silver is reactive with other functional groups, complicating 
its application to mixed plastic waste streams. 

We now report a photoredox-catalyzed decarboxylative fluorination of PAA, resulting in PAA-
r-PVF. The extent of PVF incorporation ranges from 33–99 mol% simply by adjusting time of 
light exposure. Additionally, high molecular weight PAA (450 kD) and industrial Super-
Absorbent Polymers (SAPs) undergo high levels of conversion with 20 ppm catalyst loading. 

In addition to valorization of SAPs derived from disposable diaper waste, a long-term goal is 
to combine decarboxylative fluorination with plasma oxidation of plastic polymer waste (PPW) 
to produce amphiphilic copolymers. We expect these unique materials to have a wide range 
of applications due to the facile tunability of fluoride content, making this an attractive and 
valuable method for repurposing plastic waste. 
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Advancing the circular economy through collaborative materials innovation 

Jeanne Hankett, jeanne.hankett@basf.com. BASF Corp, Wyandotte, Michigan, United 
States  

Generating a polymeric circular economy has no single solution, nor can it be solved within a 
single body. Strong collaboration with industry, government, and academia has allowed for 
recent breakthroughs in plastic and polymer waste reduction. BASF is committed to 
responsible manufacturing of chemical and polymeric materials from cradle to cradle and 
generating chemistry for a sustainable future. Within our sustainability targets is our circular 
economy program: aiming to utilize feedstocks, material cycles, and new business models to 
generate 250,000 tons of circular feedstock by 2025, doubling of circular sales to 17 billion 
Euro by 2030, and prioritizing circular research and production. To achieve such aims, BASF 
has accelerated collaborative R&D projects in materials’ mechanical recyclability, chemical 
recycling, biodegradables and compostables, and has worked with partners to advance the 
science of microplastics and nanomaterials. This seminar will discuss select advances, 
challenges, and solutions in the technical sphere and biosphere of the circular economy for 
polymer and plastic materials including the topics of chemical recycling, mechanical 
recycling, biodegradable products, and microplastics. 

 
  



~ 499 ~ 
 

SPRING 2022, ACS NATIONAL MEETING - POLY GRAPHICAL ABSTRACT 

Transforming K-12 STEM education by bringing hands-on industry and academia 
research to the classroom: GC/MS and HPLC environmental assessment and 
bioremediation of plastic additives at high school level 

Jared Slusarczyk, jslusarczyk@lakeland.12.nj.us. Lakeland Regional High School, 
Wanaque, New Jersey, United States  

The traditional U.S. STEM education approach is lacking a student driven component and 
needs tools to inspire and motivate future generations of scientists and innovators. The 
BioMedical program at Lakeland Regional High School focuses on a novel STEM education 
approach of content-specific courses along with an extensive focus on project-based learning 
and hands-on research. These aspects emphasize individual student’s interests and needs 
within areas of environmental chemistry and microbiology. We have built a successful 
program based on an idea that teachers do not need to be the sole source of knowledge, but 
rather can act as mentors on students path to success and personal achievement. Our four 
year program introduces students to a high-level research, incorporating literature search, 
project proposal, method development and validation, data collection/analysis, formulation of 
conclusion, as well as, conveying results to others in the form of thesis papers and 
presentations. Over the past years, we have observed that the success of our program has 
been largely driven thanks to industry and academia involvement, student exposure to 
professionals in research, and funding which has allowed us to equip our laboratories with 
equipment such as GC-MS, HPLC, and many other cutting edge instruments. This 
presentation will cover the program initiation process, funding, methods of networking and 
industry collaboration, as well as a short introduction to ongoing environmental research 
projects in areas of plastic additives studies. 
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From peptide amphiphile to drug amphiphile: An inspiring journey with Professor 
Samuel Stupp into molecular assembly and its relevance in medicine 

Honggang Cui, cuihonggang@gmail.com. Chemical and Biomolecular Engineering, Johns 
Hopkins University, Baltimore, Maryland, United States  

The development of peptide amphiphiles containing a beta-sheet-forming sequence not only 
led to a class of biologically active nanostructures and materials for diverse medical 
applications but also provided inspiration for the creation of a broader set of functional self-
assembling units. Drug amphiphile exploits the assembly potential of therapeutic agents to 
devise supramolecular medicines that leverage the unique physicochemical and stimuli-
responsive features of supramolecular assemblies for improved treatment outcomes. This 
lecture will detail the rational design of several drug amphiphiles and the emerging properties 
of their respective assemblies that enable local retention, controlled release, and use as long-
acting injectables. 
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Impact of backbone modifications on informational properties of polypeptides 

Samuel H. Gellman, gellman@chem.wisc.edu. Chemistry, University of Wisconsin-Madison, 
Madison, Wisconsin, United States  

This lecture will describe recent progress in development of backbone-modified peptides 
intended to mimic information-rich surfaces displayed by specific conformations of natural 
polypeptides. Backbone modification is achieved through replacement of one α-amino acid 
residue or more with a β-amino acid residue. The β residue can display the natural side 
chain, or this residue can be preorganized via a ring. The resulting α/β-peptides can inhibit 
specific protein-protein interactions, or they can augment signaling through polypeptide-
activated receptors. Merits of the α/β-peptides include enhanced resistance to proteolysis and 
the ability to transmit signals that differ subtly from those of a prototype α-peptide. 
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Peptide-polymer conjugates for spatially organized 3D-Printed biomaterials 

Lesley W. Chow1,2, lesley.chow@gmail.com. (1) Materials Science and Engineering, Lehigh 
University, Bethlehem, Pennsylvania, United States (2) Bioengineering, Lehigh University, 
Bethlehem, Pennsylvania, United States  

Scaffolds for tissue engineering are functionalized with specific peptides to direct desired cell 
responses. However, scaffolds are typically modified using post-fabrication functionalization 
techniques, which can affect scaffold properties and have limited spatial resolution. We 
developed a versatile strategy where peptide-polymer conjugates are 3D printed in user-
defined locations without affecting scaffold architecture. The peptide segments of the 
conjugates become displayed on the surface during fabrication, resulting in scaffolds spatially 
functionalized with peptides. Peptide surface concentration can also be controlled by simply 
changing conjugate concentration in the “ink” prior to 3D printing. We recently utilized this 
platform with peptide-polymer conjugates bearing two different sequences to promote 
cartilage or bone formation. Separate printer heads were used to localize each peptide in 
discrete regions to mimic osteochondral (bone-cartilage) tissue. Human mesenchymal stem 
cells (hMSCs) were seeded in scaffolds to investigate how peptide type and organization 
influenced cell response and matrix formation (Fig 1). We discovered that the presence of 
both peptides significantly enhanced hMSC differentiation compared to scaffolds with no 
peptides or only one peptide. Interestingly, presenting both peptides homogeneously 
throughout one scaffold induced a significantly different cellular responses compared to 
scaffolds with spatially organized peptides in separate regions. These results indicated that 
multi-peptide organization influences local and global cell-material interactions to drive 
distinct differentiation behavior. This platform enables us to investigate synergistic effects 
with multiple bioactive peptides to direct regeneration of complex tissues. 

 
Fig 1. Human mesenchymal stem cells were seeded on scaffolds functionalized with no peptides 
(grey), bone-promoting peptide (red), cartilage-promoting peptide (blue), both peptides spatially 
organized (blue/red; dual spatial), or both peptides mixed homogeneously (purple; dual mixed). 
Differentiation was only observed in dual-peptide scaffolds with dual spatial driving osteogenesis 
while dual mixed induced chondrogenesis. 
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Tracking peptides and proteins by non-canonical amino acid tagging 

David A. Tirrell, tirrell@caltech.edu. California Institute of Technology Division of Chemistry 
and Chemical Engineering, Pasadena, California, United States  

Biological systems modulate the spatial and temporal character of their peptide and protein 
populations by regulating synthesis, transport, degradation, secretion, receptor-binding and 
cellular uptake. Non-canonical amino acid tagging provides a versatile tool for tracking these 
processes in space and time. This lecture will discuss recent applications of non-canonical 
amino acid tagging in the study of complex biological systems relevant to human health and 
disease. 
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Micellization of polypepetide block copolymers with nucleic acids 

Matthew V. Tirrell, mtirrell@uchicago.edu. Pritzker School of Molecular Engineering, 
University of Chicago, Chicago, Illinois, United States  

Cationic polypeptides readily complex with nucleic acids. As cationic polypeptide blocks 
conjugated with neutral water-soluble polymers, such as polyethylene oxide (PEG), they 
readily assemble into complex core micelles with nucleic acids. We have characterized the 
shapes and sizes of such micelles very thoroughly, via x-ray scatterind, dynamic light 
scattering and cryo-TEM, in terms of their dependences on the chain lengths of the various 
constituents and the nature of the specific nucleic acid involved. This has resulted in the 
determination of some general scaling laws for size vs chain lengths. We have also deployed 
this type of micelle as an effective therapeutic for conditions resulting from inflamed vascular 
endothelium. 
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Harnessing biological organization principles for tissue engineering and the 
fabrication of in vitro models 

Alvaro Mata, a.mata@nottingham.ac.uk. University of Nottingham, Nottingham, 
Nottinghamshire, United Kingdom  

Living systems have evolved to grow and heal through self-assembling processes capable of 
organizing molecular and cellular building-blocks at multiple size scales. These “biological 
organization principles” (BOPs) emerge from cooperative interactions and chemical networks 
between multiple components, which allow biological systems to diversify, respond, and 
ultimately optimize.1 There is great interest to develop materials and devices that can emulate 
the structural and functional properties of such systems. Towards this goal, it is critical to 
develop new fabrication methodologies which enable the assembly of multiple types of 
building-blocks into functional ensembles integrated hierarchically. 

This talk will present recent work form our laboratory focused on integrating supramolecular 
events found in nature with engineering and biofabrication principles. The first part of the talk 
will describe approaches harnessing protein order-disorder synergies to regulate organic-
inorganic interactions and engineer mineralizing materials for regeneration of hard tissues 
such as dental enamel and bone.2 The second part will describe methodologies exploiting 
self-assembly and diffusion-reaction processes to organize multiple types of biomolecules 
hierarchically for the fabrication of regenerative implants as well as in vitro models of cancer3 
or vascular tissue.4 
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Responsive supramolecular hydrogels 

Monica Olvera De La Cruz, olveradelacruz@centralscience.acs.org. Northwestern 
University, Evanston, Illinois, United States  

Peptide amphiphile fibers have been synthesized to assemble into long fibers which, when 
co-assemble or functionalized with various moieties including thermal- and photo-responsive 
polymers, produce functional hydrogels that are actuated via external stimuli. When co-
assemble with magnetic components, photo-responsive hydrogels can be actuated using 
external magnetic fields to produce locomotion (Figure 1). In this talk, we explain the design 
and modeling of photo-responsive hybrid hydrogels that integrate supramolecular nanofibers 
and ferromagnetic nanowires, which when coupled to magnetic fields, produce robotic 
functions including, walking, swimming, and deliver cargo. 

 
Figure 1. Magnetic fields exert controllable forces that generate microscopic actuation and locomotion 
in hydrogels with ferromagnetic components The arrows in the figure represent the magnetization 
direction (same as the direction of Ni nanowires). The color bar on the right side represents the 
displacement of the robot from the initial configuration. (from Li, Chuang, et al. 49, 12 2020, Science 
Robotics, Vol. 5, p. eabb9822). 
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Supramolecular polymers as biomaterials; new avenues for the dynamic interaction 
with biological receptors 

Egbert W. Meijer, e.w.meijer@tue.nl. Institute for Complex Molecular Systems, Technische 
Universiteit Eindhoven, Eindhoven, Noord-Brabant, Netherlands  

The striking resemblance between biological one-dimensional structures and supramolecular 
polymers assembled in water inspired Sam Stupp and many other chemists to study these 
artificial mimics for possible biomedical applications. In our research we use water-soluble 
1,3,5-benzene-tricarboxamides (BTAs) that from one-dimensional fibers in aqueous solution. 
By modifying the periphery of these BTAs, we can create biological relevant copolymers that 
can use their dynamic nature to adaptive their structure to rearrange the ligands accordingly 
to the receptors at the cell membrane. In the lecture, we will show that fundamental insights 
into the dynamic nature of these copolymers are essential to create function. 
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Perspectives in chemistry: From supramolecular chemistry towards adaptive 
chemistry 

Jean-Marie Lehn, lehn@unistra.fr. Universite de Strasbourg, Strasbourg, Grand Est, France  

Supramolecular chemistry is intrinsically a dynamic chemistry in view of the lability of the 
interactions connecting the molecular components of a supramolecular species and the 
resulting ability to exchange components. The same holds for molecular chemistry when the 
molecular entity contains covalent bonds that may form and break reversibly. These features 
allow for a continuous change in constitution by reorganization and exchange of building 
blocks and define a Constitutional Dynamic Chemistry (CDC) covering both the molecular 
and supramolecular levels. 

CDC introduces a paradigm shift with respect to constitutionally static chemistry. It takes 
advantage of dynamic diversity to allow variation and selection and operates on dynamic 
constitutional diversity in response to either internal or external factors to achieve adaptation. 

CDC generates networks of dynamically interconverting constituents, constitutional dynamic 
networks, presenting agonistic and antagonistic relationships between their constituents that 
may respond to perturbations by physical stimuli or to chemical effectors. 

In materials science, it leads in particular to the generation of dynamic polymers, dynamers, 
and biopolymers. 

The implementation of these concepts points to the emergence of adaptive and evolutive 
chemistry, towards systems of increasing complexity. 
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Tribute to a footnote 

M. R. Ghadiri, ghadiri@scripps.edu. Chemistry, Scripps Research Institute, La Jolaa, 
California, United States  

In this lecture I will describe an improbable tale of intersecting paths of two intellectual giants, 
Ralph Hirschmann and Leslie Orgel, within the context of studies on the prebiotic formation of 
peptides which were carried out in our laboratories by Professor Luke Leman. Almost all 
discussions of prebiotic chemistry assume that amino acids, nucleotides, and possibly other 
monomers were first formed on the Earth or brought to it in comets and meteorites, and then 
condensed nonenzymatically to form oligomeric products. However, attempts to demonstrate 
plausibly prebiotic polymerization reactions have met with limited success. We show that 
carbonyl sulfide (COS), a simple volcanic gas, brings about the formation of peptides from 
amino acids under mild conditions in aqueous solution. Depending on the reaction conditions 
and additives used, exposure of a-amino acids to COS generates peptides in yields of up to 
80% in minutes to hours at room temperature. 
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Designing peptide-based biomaterials for regenerative medicine and therapeutics 

Molly Stevens, m.stevens@imperial.ac.uk. Imperial College London, London, London, 
United Kingdom  

This talk will provide an overview of our work in the design of self-assembled, functionalised 
peptide and protein nanoparticles, hydrogels and bio-interfaces for applications in healthcare. 
These hybrid materials are of growing importance with potential applications including drug 
delivery and tissue engineering. We are developing high-throughput synthesis techniques to 
diversify peptide libraries and quickly survey properties of interest such as fluorescence and 
supramolecular behaviour [1]. We are exploiting the sensing capabilities of functionalised 
nanoparticles to engineer nanoprobes for in vivo disease diagnostics that produce a 
colorimetric response ideal naked eye read-out [2]. Using molecular dynamics simulation, we 
can rationalise the different self-assembly behaviours across length scales and to understand 
the interplay of membrane-curvature and nanotopography at the biointerfaces to aid in the 
development of cell-active substrates [3]. With the design of peptide-polymer hybrid 
hydrogels, we are incorporating tailorable mechanical properties to self-healing injectable 
scaffolds with exciting applications in regenerative medicine [4]. This talk will also provide an 
overview of our recent advances in Raman spectroscopy-based characterisation techniques 
for tracking the functionalisation in single nanoparticles [5]. Recent developments in this and 
other contexts will be discussed. 
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Selective photodimerization in a cyclodextrin metal-organic framework 

Xiaoyang Chen1, Haoyuan Chen3, Luka Dordevic1,4, Samuel I. Stupp1,4,5, Randall Snurr3, 
Dengke Shen2, James F. Stoddart1, stoddart@northwestern.edu. (1) Department of 
Chemistry, Northwestern University, Evanston, Illinois, United States (2) Institutes of Physical 
Science and Information Technology, Anhui University, Hefei, Anhui, China (3) Department of 
Chemical & Biological Engineering, Northwestern University, Evanston, Illinois, United States 
(4) Center for Bio-inspired Energy Science, Northwestern University, Evanston, Illinois, 
United States (5) Simpson Querrey Institute, Northwestern University, Chicago, Illinois, 
United States  

For the most part, enzymes contain one active site wherein they catalyze in a serial manner 
chemical reactions between substrates both efficiently and rapidly. Imagine if a situation 
could be created within a chiral porous crystal containing trillions of active sites where 
substrates can reside in vast numbers before being converted in parallel into products. Here, 
we report how it is possible to incorporate 1-anthracenecarboxylate as a substrate into a γ-
cyclodextrin-containing metal-organic framework (CD-MOF-1), where the metals are K+ 
cations, prior to carrying out [4+4] photodimerizations between pairs of substrate molecules, 
affording selectively one of four possible regioisomers. One of the high-yielding regioisomers 
exhibits optical activity as a result of the presence of an 8:1 ratio of the two enantiomers 
following separation by HPLC. The solid-state superstructure of 1-anthracenecarboxylate 
potassium salt, which is co-crystallized with γ-CD, reveals that pairs of substrate molecules 
are, not only packed inside tunnels between spherical cavities present in CD-MOF-1, but are 
also stabilized—in addition to hydrogen-bonding to the C-2 and C-3 hydroxyl groups on the 
D-glucopyranosyl residues present in the γ-CD tori—by combinations of hydrophobic and 
electrostatic interactions between the carboxyl groups in 1-anthracenecarboxylate and four 
K+ cations on the waistline between the two γ-CD tori in the tunnels. These noncovalent 
bonding interactions result in preferred co-conformations that account for the highly regio- 
and enantioselective [4+4] cycloaddition during photoirradiation. Theoretical calculations, in 
conjunction with crystallography, support the regio- and stereochemical outcome of the 
photodimerization. 
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The wonderland of peptide amphiphiles (PAs) 

Helena Azevedo, h.azevedo@qmul.ac.uk. School of Engineering & Materials Science, 
Queen Mary University of London Faculty of Science and Engineering, London, London, 
United Kingdom  

The Stupp Lab developed “magic” peptide molecules, named as peptide amphiphiles (PAs), 
that have fascinated not only those who have worked in the group but also the international 
scientific community. Their self-assembly into defined nanostructures is well established and 
their modular structure enables systematic variations to probe the chemical space and reveal 
structure/property relationships. 

This talk will describe our expedition around PAs [1,2], but also what we have learned in this 
journey to design peptides for creating materials with novel properties and biomedical interest 
[3]. 
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Peptide and metabolite self-assembly: From human diseases to novel materials 

Ehud Gazit, ehud.gazit@gmail.com. Tel Aviv University, Tel Aviv, Israel  

Our lab is extensively involved in the minimalistic, reductionist and non-biased quest towards 
the most fundamental molecular recognition and self-assembling modules in nature that 
possess unique physical properties including mechanical, optical, electronic and 
piezoelectric. For many years, our identification of b-sheet-like arrangement of ultrashort 
dipeptides, most notably diphenylalanine (Phe-Phe) and its derivatives, had prompted the 
basic study and technological application of such short peptides. These peptides offer the 
combination of the materials properties of natural and synthetic polyamide with the ease and 
facile synthesis of dipeptide. We recently extended our studies in different directions. The first 
is the identification and utilization of minimalistic peptides that form helical structure. We 
realized that the Pro-Phe-Phe could form helical assemblies with notable mechanical 
properties. Inspired by nature, we replaced the proline with hydroxyproline to achieve 
Young's modulus comparable to titanium. One key direction is the use of co-assembly 
instead of self-assembly to achieve novel architectures and desired mechanical properties. 
Finally, in recent years, we become more and more interested in metabolites, both as the 
basis for disease but also as building blocks for materials with mechanical, optical and 
electronic properties. Many of the properties that are found in short peptides could be 
observed also in metabolite assemblies. Intriguingly, natural systems also use metabolite to 
form optically-active assemblies such as tapetum lucidum retro-reflectors. 
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Self-assembly and covalent capture of collagen triple helices 

Jeffrey D. Hartgerink, jdh@rice.edu. Chemistry, Rice University Wiess School of Natural 
Sciences, Houston, Texas, United States  

Collagen is the most abundant protein in the human body and plays major roles in wound 
healing, tissue regeneration, cancer metastasis. The defining structural feature of collagen is 
the triple helix (figure a & b). Depending on the specific type of collagen, these triple helices 
pack into fibrillar bundles which continue to pack in a hierarchical assembly process, 
eventually forming macroscopic collagen fibers. This PP2 triple helix is also found in a variety 
of proteins outside the traditional collagen family in bacteria, viruses and the defense 
collagens of the innate immune system. Despite this ubiquity the structure-stability-function 
relationship of the collagen triple helix is poorly understood. CMPs differ in critical ways from 
other well studied proteins in that they lack a hydrophobic core and require a glycine every 
third amino acid creating a characteristic (Xaa-Yaa-Gly)n repeat (figure a). Design of 
synthetic triple helices which can mimic collagen are extremely challenging for many reasons, 
but one of the most apparent is that a system of three peptides A, B and C can self-assemble 
into at least 27 different compositions and registers. Proper design therefore must stabilize 
one of these while destabilizing the other 26. I will describe the design, synthesis and 
characterization of several AAB and ABC heterotrimers and computational methods which 
allow us to both predict their stability and allow rapid and accurate design of new triple helical 
systems. An additional challenge in the application of collagen triple helices is their extremely 
slow rate of folding and relatively poor equilibrium between monomer and trimer. To 
overcome these limitations we have developed a method of covalent capture (figure c & d) 
that perfectly preserves its three dimensional architecture while improving thermal stability. 
With these advances we are now working towards biomaterial applications that allow 
selective targeting of integrins. 
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Peptide supramolecular polymers “in motion” 

Samuel I. Stupp, s-stupp@northwestern.edu. Northwestern University, Evanston, Illinois, 
United States  

Over the past two decades our laboratory has investigated supramolecular polymers based 
on biomolecular monomers known as peptide amphiphiles. We discovered that these 
amphiphiles, consisting of lipidated peptides that may also be glycosylated or conjugated to 
nucleic acids and synthetic segments, can self-assemble into filamentous supramolecular 
polymers. The materials obtained mimic the extracellular matrix of mammalian cells, and 
when biological signals are incorporated in their monomeric structures they display 
extraordinary bioactivity for the regeneration of tissues such as cartilage, bone, and the 
central nervous system. In a very recent discovery we found that intensifying supramolecular 
motion within these ensembles of thousands of molecules can have truly remarkable impact 
on their ability to signal cells. Strikingly, these supramolecular polymers “in motion” enhanced 
recovery from severe spinal cord injury. Slowing such motions greatly diminished their ability 
to reverse paralysis. This phenomenon could be broadly applicable to other biomedical 
therapies and offers an exciting frontier for supramolecular polymers. 
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Transformation of carbohydrates and carbon dioxide into sustainable polycarbonates 
via transition metal- and organobase-catalyzed synthetic routes 

Karen L. Wooley, wooley@chem.tamu.edu. Texas A&M University, College Station, Texas, 
United States  

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. 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. Target materials are designed for potential applications in diverse areas, from 
medicine, e.g., as nanotherapeutics or bioresorbable hemostatic agents, to the environment, 
e.g., as pollutant capture agents, climate resilient hydrogel materials or naturally-degradable 
plastics. This presentation will highlight the preparation of sustainable polycarbonates from 
carbohydrates and carbon dioxide via either a one-step transition metal-mediated ring-
opening copolymerization strategy or via a two-step pathway that involves transition metal-
mediated formation of cyclic carbonates followed by their organobase-catalyzed ring-opening 
polymerization. 
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Polymer componsites with metal-organic framework materials - combining the best of 
both materials 

Seth Cohen1, scohen@ucsd.edu, Stephen A. Miller2. (1) Chemistry and Biochemistry, 
University of California San Diego, La Jolla, California, United States (2) Chemistry, 
University of Florida, Gainesville, Florida, United States  

Hybrid materials of metal-organic frameworks (MOFs) and polymers have gained interest as 
processible composites that might be suitable for a wide range of applications. A number of 
approaches have been pursued to create MOF-polymer composites, including mixed-matrix 
membranes (MMMs) prepared with MOFs, polymer-decorated MOF particles, and MOFs 
constructed from polymer buidling blocks referred to as polyMOFs. PolyMOFs defy 
conventional polymer and MOF synthetic chemistry by converting a linear, amorphous, non-
porous, organic polymer into a three-dimensional, crystalline, porous, hybrid solid. The 
design, synthesis, and unusual properties of polyMOF materials will be presented and 
discussed. 
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Leveraging Organic Catalysis in the Synthesis of Sustainably Sourced Polymers 

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

Sustainability in polymer science is a critical current focus in the field. While there are many 
aspects that warrant consideration to achieve a truly sustainable circular polymer economy, 
the ability to source monomers from sustainable feedstocks to create polymers with desirable 
properties remains a challenge. Beyond bio-ethylene and related molecules, it is desirable to 
create polymers with heteroatoms intheir backbones to enable more ready deconstruction at 
their end of life, compared to all carbon backbone polymers. By leveraging both organic 
catalysis and th erich stereochemistry that is available in naturally sourced monomer 
feedstocks, the creation of a diverse array of materials with heteroatom-containing 
backbones can be achieved. 
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A facile and efficient approach to cyclic carbonate monomers for ring-opening 
polymerization 

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

Our program in developing novel macromolecular therapeutics is built upon functional cyclic 
carbonate monomers enchained through organic catalysis. The key to advancing these 
technologies is the ability to access these monomers with diverse functionalities on scale. In 
this talk we will present significantly improved processes for the synthesis of carbonate 
monomers in a two-step process that avoids the use of phosgene or choroformate reagents. 
This process enables access to a broad array of functional groups on the carbonate 
monomers that can readily be polymerized via organocatalytic ring-opening polymerization. 
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Selective catalytic upcycling of polyolefins 

Anne M. LaPointe1, aml329@cornell.edu, Andrew Kocen1, Shilin Cui1, Geoffrey W. Coates1, 
Mahdi M. Abu-Omar2, Massimiliano Delferro3, Wenyu Huang4, Aaron D. Sadow4, Susannah 
L. Scott2. (1) Chemistry and Chemical Biology, Cornell University, Ithaca, New York, United 
States (2) Chemistry, University of California Santa Barbara, Santa Barbara, California, 
United States (3) Argonne National Laboratory, Lemont, Illinois, United States (4) Chemistry, 
Iowa State University, Ames, Iowa, 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 use of polyolefins 
as a chemical feedstock has attracted increased attention recently. To address this problem, 
the Institute for Cooperative Upcycling of Plastics (ICOUP), a DOE EFRC, is developing 
methods to selectively cleave long polyolefin chains into smaller, value-added materials such 
as lubricants, detergents, and fuels. Several case studies will be presented. 
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Getting in front of the additive manufacturing revolution: Sustainability needs and 
opportunities 

Joseph M. DeSimone, jmdesimone@stanford.edu. Stanford University, Stanford, California, 
United States  

In 21 Lessons for the 21st Century, Yuval Noah Harari makes the point that the unintended 
consequences of too many breakthrough technologies threaten our future: Facebook set out 
to bring people together but grew to foster divisiveness; Juul intended to end smoking but 
triggered addiction to vaping; encrypted messaging designed to protect privacy enabled an 
underworld to thrive. He argues that liberalism has no answers to the biggest problems we 
face: ecological collapse and technological disruption. The proliferation of plastics and the 
lack of chemical circularity is the posterchild for this perspective. Recent advances in additive 
manufacturing technologies demonstrate how the industry is poised to make the jump from a 
“prototyping only” $8 billion industry to replace injection molding techniques—a $330 billion 
industry. As the initial stages of this major technology transition come into focus, we are at a 
unique moment in time to put polymer additive manufacturing on a sustainable trajectory. 
This talk will describe needs and opportunities for recyclable and upcyclable polymers in the 
context of this major transition, ultimately toward achieving a circular economy. 
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Iridium alkane dehydrogenation catalysis from within a polymer scaffold 

Madalyn R. Radlauer, madalyn.radlauer@sjsu.edu, Ann Bargstadt, Juancarlos Rojas, 
Nicholas Roubineau, Jessica Rodarte, Dana Wong, Jacob C. Hickey. Chemistry, San Jose 
State University, San Jose, California, United States  

Our group is especially interested in structured polymers as scaffolds for catalysis as the 
environment created by the polymer scaffold has the potential to alter catalyst reactivity and 
selectivity. We have optimized an “arm-first” star polymer synthesis method with reversible 
addition-fragmentation chain transfer (RAFT) polymerization of styrenic monomers that 
allows us to selectively install our ligand precursors into the star polymer core. Metallation of 
these embedded ligands can result in polymer bound catalysts within these structures. RAFT 
polymerizations were chosen for their combination of functional group tolerance, control over 
dispersity, and ease of re-initiation. Copolymerization of a modified bisphosphinite pincer 
ligand precursor (vinyl-POCOPH) with styrene produces a linear polymer that can be 
metalated with iridium. Similarly, a linear homopolymer of styrene can be re-initiated in the 
presence of vinyl-POCOPH, styrene, and divinylbenzene to produce styrenic star polymers 
with the ligand precursor localized to the star core. Catalytic alkane dehydrogenation studies 
comparing the unmodified small molecule iridium complex with the linear and star polymer-
bound complexes are ongoing. 
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Core-Shell bottlebrush polymer self-assembly routes to sub-10 nm features 

Michael Karavolias1, Emily M. Ness2, Mahesh K. Mahanthappa1,2, maheshkm@umn.edu. 
(1) Chemical Engineering & Materials Science, University of Minnesota Twin Cities, 
Minneapolis, Minnesota, United States (2) Chemistry, University of Minnesota Twin Cities, 
Minneapolis, Minnesota, United States  

The self-assembled morphologies of block copolymers and their characteristic nanodomain 
periodicities directly impact their properties and utility in numerous applications, including 
nanotemplating. The composition-dependent morphologies of linear AB diblock copolymers 
reflect a delicate balance of the enthalpy of A/B segment repulsions, the entropy of polymer 
chain stretching to minimize unfavorable interfacial contacts, and the entropy of block junction 
localization at the microdomain interfaces. For a given monomer pair, this free energy 
balance sets a minimum degree of polymerization for melt self-assembly and a smallest 
accessible microdomain (d) spacing, which often limits the scope of block copolymer 
nanotemplating. As a route to circumventing these thermodynamic limits for a given 
copolymer chemistry, we describe the phase behaviors of densely grafted, core-shell 
bottlebrush (csBB) polymers, which derive from linking narrow dispersity ABA triblocks by 
metathesis polymerization of a norbornyl functionality situated at each chain midpoint. We 
quantitatively demonstrate how the stabilities of csBB microphase separated morphologies 
depend on polymer volume fraction, and the degrees of polymerization of the brush 
backbone (Nbb) and sidechain arms (Narm), while also revealing the range of nanostructures 
that csBBs form. 
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Towards Green ATRP 

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

Recently, by applying new initiating/catalytic systems, Cu level in ATRP was reduced to a few 
ppm. To combat unavoidable radical termination, several techniques for the regeneration of 
the catalytic systems have been developed. They include various benign chemical reagents 
such as ascorbic acid or sugars but also external stimuli: electrical current, light, mechanical 
forces and ultrasound. ATRP can be carried out without organic solvents, in bulk and in 
aqueous media under homogeneous conditions or in dispersed media. Reducing agent 
permit the reaction without deoxygenation in the flasks open to air. This is additionally aided 
by enzymatic degassing systems. 

The range of monomers for ATRP has been expanded to (meth)acrylates and acrylamides 
from renewable resources. They have been used for synthesis of well-defined polymers with 
precisely controlled molecular architecture with designed shape, composition and 
functionality. Block, graft, star, hyperbranched, gradient and periodic copolymers, molecular 
brushes and various hybrid materials and bioconjugates were prepared with high precision. 
Some examples of nanostructured multifunctional hybrid materials for applications related to 
environment, energy and catalysis will be presented. 
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Translational science 

Paul A. Wender, wenderp@stanford.edu. Chemistry, Stanford, Stanford, California, United 
States  

Our studies employ computer based design, synthesis, materials science, chemical biology 
and medicinal chemistry directed at unsolved or under-addressed problems of clinical 
significance. This presentation will provide an overview of recent studies in clinical evaluation 
or preclinical development. 
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Synthesis and design of charge-altering releasable transporters (CARTs): A march 
from the oxidation of diols to the translation of novel mRNA therapeutics 

Timothy Blake, tblake@stanford.edu. Nutcracker Therapeutics, Emeryville, California, 
United States  

Emerging RNA (and DNA) technologies have the potential to transform life science research 
and medicine. The current limitation of gene therapy is effective delivery of genetic cargo to 
cells in vivo. The Waymouth lab has developed charge-altering releasable transporters 
(CARTs) as a platform solution to the mRNA delivery problem. CARTs are di-block oligomers 
with a lipid and a cationic block. CARTs electrostatically bind to polyanionic RNA (or DNA) 
molecules, forming nanoparticles which protect RNA (or DNA) from degradation, deliver them 
efficiently across cell membranes, and release them inside cells for gene expression. The key 
feature of CARTs is a novel chemical process that can be triggered to induce an intra-
oligomeric rearrangement, where the initially cationic CART/mRNA complex sheds it’s 
cationic charge, releasing the anionic mRNA payload intracellularly for cytosolic translation to 
the desired mRNA-encoded protein. The CART program is bolstered by the intersection of 
several ongoing projects in the Waymouth lab: (1) selective oxidation of diols produces 
functionalized cyclic lactones, (2) innovative organocatalytic ring-opening polymerization 
(OROP) strategies enable polymerization of functionalized lactone monomers, (3) and 
evaluation of physical properties of water-soluble oligo-lactone materials for pH dependent 
degradation properties of CART delivery vehicles. In collaboration with the Wender lab, these 
new delivery vehicle candidates are evaluated for efficacy of siRNA and mRNA delivery. 
Through these complimentary projects, the CART platform has produced a programable 
CRISPR/Cas9 gene editing system, an antigen-specific cancer vaccine, in situ intertumoral 
cancer therapeutics, as well as the development of an mRNA-based COVID-19 vaccine. This 
talk will focus on the development of the CART gene-delivery platform. 
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Designing improved polymers for gene delivery with convolutional neural networks 
and non-convex optimization algorithms 

Isaac G. Applebaum, iapple23@stanford.edu, Trevor Del Castillo, Robert M. Waymouth, 
Grant Rotskoff. Chemistry, Stanford University, Stanford, California, United States  

The Waymouth lab has created polymers called Charge-Altering Releasable Transporters 
(CARTs) that carry genetic material, such as RNA or DNA, into cells. CARTs have been used 
to develop successful cancer immunotherapies and mRNA vaccines for COVID-19 in mice, 
applications that each require gene delivery to specific cell types and organs. Varying the 
chemical structure of CART polymers leads to remarkable variation in the cell types and 
organs that genetic material is delivered to, but these relationships between chemical 
structure and biological function are poorly understood. This presentation will describe new 
machine learning techniques that can elucidate these connections and help design improved 
CART polymers tailored to the unique needs of cancer therapies, vaccines, and treatments 
for genetic disease. 
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Catalyst Development for Polymer Creation and Degradation 

Kyoko Nozaki, nozaki@g.ecc.u-tokyo.ac.jp. Tokyo Daigaku, Bunkyo-ku, Tokyo, Japan  

Late transitionmetal catalysts to create olefin-based polymers will be presented with possible 
degradation process of the created polymers. Catalysts for single bond cleavage will be also 
discussed. 
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Responsive materials for protein and small molecule drug delivery 

Heather D. Maynard, maynard@chem.ucla.edu. Chemistry and Biochemistry, University of 
California Los Angeles, Los Angeles, California, United States  

This talk will focus on responsive conjugates, elastomeric materials and nanoparticles to 
enhance the therapeutic efficacy of protein and small molecule drugs. The rational design, 
synthesis, and therapeutic evaluation of these materials will be discussed as well as their 
ability to store, stabilize, deliver and release proteins and drugs. Materials that respond to 
enzymes, triggers and reductive pH will be presented. 
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Synergistic developments in living cationic and radical polymerizations for 
sustainability 

Masami Kamigaito, kamigait@chembio.nagoya-u.ac.jp. Molecular and Macromolecular 
Chemistry, Nagoya Daigaku, Nagoya, Aichi, Japan  

This paper focuses on synergistic developments in living cationic and radical polymerizations, 
which are both based on reversible activation of dormant species with covalent bonds, such 
as carbon-halogen and carbon-sulfur bonds. These bonds can be reversibly activated by 
metal catalysts or via RAFT mechanism to generate the cationic and radical propagating 
species and to undergo controlled propagations for the chain growth. The similarities further 
enable mechanistic transformations between the two propagating species and can construct 
novel block, multiblock, and random copolymers consisting of cationically and radically 
polymerizable monomers. In addition, the design and synthesis of bio-based and degradable 
polymers using living cationic and radical polymerizations will be discussed. 
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Combinatorial design, parallelized experimentation, and machine learning yields 
efficient polymer vehicles for gene editing and plasmid payloads 

Theresa M. Reineke, treineke@umn.edu. Chemistry, University of Minnesota Twin Cities, 
Minneapolis, Minnesota, United States  

The field of nucleic acid therapeutics, which aims to treat patients by modulating gene 
expression, has come to fruition, and has landed several landmark FDA approvals. Cationic 
polymers are tailorable alternatives to engineered lipids and viruses for the delivery of nucleic 
acid payloads. The clinical translation of chemical vehicles hinges on facile exploration of the 
broad chemical design space and deriving structure-function relationships governing 
performance with diverse payloads and cell types, which can significantly alter performance. 
In this work, we demonstrate a parallel workflow coupled with machine learning to discover 
successful candidates for delivering Cas9 ribonucleoprotein (RNP), plasmid (pDNA) and 
combination payloads. A diverse library of 43 statistical copolymers was synthesized via 
RAFT polymerization offering systematic variations in physicochemical properties and trends 
for encapsulating RNP and pDNA payloads. This multiparametric polymer library was then 
examined in parallel through a variety of physical and biological characterization techniques. 
This workflow allowed rapid discovery of successful architectures that outperform commercial 
reagents, achieving nearly 60% editing efficiency via non-homologous end-joining as well as 
similar pDNA delivery efficiency. Structure-function correlations underlying cellular 
internalization, editing efficiency, gene expression, and cellular toxicity of the polymer-
payload formulations were probed through machine learning approaches. This allowed us to 
uncover the physicochemical basis of delivery performance, offering discovery of divergent 
requirements for successful delivery of RNP and plasmid payloads. This work demonstrates 
that combinatorial synthesis and high-throughput characterization methodologies coupled 
with data science approaches enables the rapid discovery polymeric vehicle structures-
property relationships and promising formulations that would have otherwise remained 
inaccessible to chemical intuition. 
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New catalysts and processes for polymer science 

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

New classes of organic catalysts and polymerization processes have enabled strategies for 
the efficient living polymerization of lactone and carbonate monomers; these catalysts have 
been integrated into efficient flow reactors for the programmed synthesis of block copolymer 
libraries. These new advances have provided new solutions to challenges in sustainable 
materials and drug and gene delivery agents. 
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