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Tim Long received his Ph.D. in Chemistry from Virginia 
Tech, and he subsequently joined both Eastman Kodak 
and Eastman Chemical companies for eight years upon 
graduation.  He joined the faculty in the Department of 
Chemistry at Virginia Tech, where he also served as the 
Director of the Macromolecules Innovation Institute 
until 2019.

In 2020, Prof. Long accepted an interdisciplinary faculty 
position across the School of Molecular Sciences (SMS) 
and the School for Engineering Matter, Transport, and 
Energy (SEMTE) at Arizona State University (ASU) where 
he launched and now leads the Biodesign Center for 
Sustainable Macromolecular Materials and 
Manufacturing (BCSM3).

In addition to over 440 peer-reviewed publications, his 
research awards include the 2023 3M Excellence in 
Adhesion Award, 2022 Paul J Flory Award, 2020 Virginia 
Outstanding Faculty Award, 2015 Virginia Scientist of 
the Year, 2010 Virginia Tech Alumni Research Award, 
ACS PMSE Collaborative Research Award, PSTC Carl 
Dahlquist Award, 2019 ACS Rubber Division 
Thermoplastic Elastomer Award, and the ACS POLY 
Mark Scholar Award.

His most recent research efforts address the need for 
tailored advanced macromolecules for advanced 
manufacturing (3D printing), including vat 
photopolymerization, direct ink write, binder jetting, 
powder bed fusion, and melt extrusion.  His research 
ranges from controlled polymerization processes for 
block copolymers to high performance engineering 
polymers for emerging technology with a lens of earth 
sustainability.

Email: Timothy.E.Long@asu.edu



Nadia Léonard received her Ph.D. in chemistry from 
Princeton University where she was an NSF Graduate 
Research Fellow. Her doctoral research focused on 
developing earth-abundant transition metal catalysts for 
site-selective functionalization of hydrocarbon 
feedstocks. She then pursued postdoctoral research at 
the University of California, Irvine where she 
investigated electric field effects at transition metal 
complexes as a UC President’s Postdoctoral Fellow with 
Professor Jenny Yang. 

She joined the faculty at UC Santa Barbara as an 
Assistant Professor in the Department of Chemistry & 
Biochemistry in 2023. Her research is centered on the 
design of inorganic molecular complexes and materials 
with unique physical and catalytic properties for 
applications toward energy storage and conversion, 
pollutant sensing, and sustainable catalysis.

Email: nleonard@ucsb.edu 

Tyler Mefford received his B.S. in Chemistry in 2012 
from Stanford University and Ph.D. in Chemistry in 2016 
from the University of Texas at Austin. After a postdoc 
and Senior Staff Scientist position in Materials Science & 
Engineering at Stanford, he joined the Department of 
Chemical Engineering at UC Santa Barbara as an 
Assistant Professor in January 2024. 

His lab works at the intersection of engineering, 
chemistry, and materials to develop redox-active 
polymers and inorganic electrode materials for 
applications in electrochemical energy conversion, 
storage, and chemical separations. Understanding of 
the non-equilibrium properties of electrochemical 
systems and reaction mechanisms across time and 
length scales is aided by a focus on device 
development, operando spectroscopy, microscopy, and 
scattering techniques, and computational methods.

Email: tmefford@ucsb.edu 



Cassidy Tobin is a fifth-year Ph.D. candidate in the 
Chemical Engineering department at UC Santa Barbara. 
She received her B.S. in Chemical Engineering from 
Georgia Institute of Technology, where she worked 
under Professor Paul Kohl on the synthesis and 
applications of low-ceiling temperature polyaldehydes. 
During her undergraduate studies, Cassidy also worked 
as a co-op student for Avient Corporation, where she 
applied lean manufacturing strategies and developed 
material testing methods for composite materials. 

Currently, Cassidy is advised by Professor Javier Read 
de Alaniz and is developing novel, light-responsive 
molecules that reversibly assemble disordered proteins, 
such as the reflectin protein. By achieving reversible 
photocontrol of protein assembly, her research aims to 
enable the creation of life-like systems with tunable 
material properties. 

Email: cassidytobin@umail.ucsb.edu

Sam Wilken is an experimental physicist interested in 
combining precision microscopy, large-scale simulation, 
and nanoscale biomolecular design to investigate the 
far-from-equilibrium organizational mechanisms by 
which biology has evolved unique disordered materials. 
Currently, he is a postdoc at the University of California, 
Santa Barbara, working on experimental model systems 
of biomolecular phase separation with Omar Saleh. 

Sam earned his Ph.D. in physics from New York 
University, working on absorbing-state phase transitions 
in sheared suspensions, random sphere packings, and 
hyperuniformity with Paul Chaikin. He began his 
adventure in soft matter physics by working on dense 
suspension impact and “evolved” materials with 
Heinrich Jaeger while earning his BA in physics (with 
honors) at the University of Chicago. 

Email: swilken@ucsb.edu 



Zoe Liberman is an Associate Professor in the 
Department of Psychological and Brain Sciences at 
UCSB. Her research focuses on the development of 
social cognition: how babies and young children learn 
about--and learn from--people. She is most interested in 
the origins of human understanding of social 
relationships, including friendship, group membership, 
and family. 

Email: zoeliberman@ucsb.edu 

Haley Beech is currently a postdoctoral researcher in 
the groups of Professors Rachel Segalman and Craig 
Hawker at UC Santa Barbara. Her current research is 
focused on synthetic functionalization and processing 
for commodity polymer compatibilization and improved 
recyclability. Haley earned a Ph.D. in chemical 
engineering from MIT under the guidance of Professor 
Bradly Olsen, where her research was focused on 
relating single polymer chain behavior and topology to 
macroscopic properties in polymer networks. She 
received her B.S. in chemical engineering from the 
University of Minnesota, where she researched the 
phase behavior of di-block copolymer blends with 
Professor Frank Bates. When not thinking about 
polymers, Haley is probably running on the beach or 
reading in the sun.

Email: beech@ucsb.edu



Parker Morris graduated from the Robert D. Clark 
honors college at the University of Oregon in 2021 with 
a bachelor's degree in chemistry. He is currently a 4th 
year graduate student studying degradable polymers 
with Professors Chris Bates and Javier Read de Alaniz. 
In his eyes, finding a solution to the global plastic crisis 
is the paramount challenge of polymer chemists and he 
has spent the last four years studying this problem.

Email: pmorris@ucsb.edu



Rachel A. Segalman is the Edward Noble Kramer 
Professor and a Distinguished Professor at University of 
California, Santa Barbara. Her laboratory works on 
semiconducting block polymers, polymeric ionic liquids, 
and hybrid thermoelectric materials. She is the 
associated director of the Center for Materials for 
Water Energy System; a DOE EFRC, an associate editor 
of ACS Macro Letters,and co-editor of the Annual 
Review of Chemical and Biomolecular Engineering.

Segalman studied chemical engineering at University of 
Texas at Austin (UT). She received her Ph.D. in 2002 
from UCSB where he worked under the supervision 
of Edward J. Kramer.  After completing her Ph.D., 
Segalman was a Chateaubriand postdoctoral fellow  in 
Strasbourg working under Georges Hadziioannou. 

In 2004 Segalman joined Chemical Engineering at 
University of California, Berkeley, and  the Lawrence 
Berkeley National Laboratory (LBL) Materials Science 
Division. In 2013 she was appointed as the acting 
director of LBL Materials Science Division. Segalman 
was recruited to UCSB in 2014 as the Kramer Professor 
of Materials in the Departments of Chemical 
Engineering and the Materials Department.

Email: segalman@ucsb.edu 

Chris Bates received his B.S. in Chemistry from the 
University of Wisconsin, Madison and his Ph.D. in 
Chemistry, University of Texas at Austin working under 
the guidance of C. Grant Wilson. After carrying out 
postdoctoral research in the group of Robert Grubbs at 
Caltech, he joined the Materials Department at UC 
Santa Barbara in 2016. He currently holds appointment 
as Associate Professor in the Departments of Materials, 
Chemistry & Biochemistry and Chemical Engineering.

Research in the Bates group sits at the intersection of 
chemistry and materials science, leveraging synthetic 
and physical experimental techniques to design, create, 
and probe the properties of soft matter. Current 
endeavors span a variety of topics including block 
polymer self-assembly, new elastomeric materials, and 
thin film patterning.

Email: cbates@ucsb.edu 



Scott Shell is the Myers Founder’s Chair in Chemical 
Engineering Professor and Vice Chair for Graduate 
Education in the Department of Chemical Engineering
University of California Santa Barbara. He received his 
BS degree in Chemical Engineering from Carnegie 
Mellon University and 2000, and his PhD from Princeton 
Chemical Engineering, Princeton University, advised by 
P. G. Debenedetti and A. Z. Panagiotopoulos. He was a 
Postdoctoral Scholar in the Department of 
Pharmaceutical Chemistry, University of California San 
Francisco under K. Dill before starting his faculty career 
at UCSB in 2007.

The Shell lab uses theoretical and atomistic simulation 
methods, in concert with statistical learning, to 
understand how fundamental molecular interactions 
modulate the thermodynamic and kinetic behavior of 
nanoscale systems, and how these interactions might 
be manipulated through design of new processes and 
molecular architectures. 

Email: shell@ucsb.edu 
Roland Geyer is a Professor at the Bren School of 
Environmental Science and Management, University of 
California at Santa Barbara. Prior to joining the Bren 
School he held research positions at the Centre for 
Environmental Strategy (University of Surrey, UK), the 
Centre for the Management of Environmental 
Resources (INSEAD, France), and was a consultant in 
financial risk management for AMS (now part of CGI) in 
Germany. Since 2000 he has worked with a wide range 
of governmental organizations, trade associations, and 
companies on environmental sustainability issues. In his 
research he uses the approaches and methods of 
industrial ecology, such as life cycle assessment and 
material flow analysis, to assess pollution prevention 
strategies based on reuse, recycling, and material and 
technology substitution. Roland also combines these 
approaches with research methods from other 
disciplines to study the relationship between 
environmental performance, economic viability, and 
technical and operational feasibility of pollution 
prevention strategies. His overarching goal is to help 
develop the knowledge, tools, and methods necessary 
to reduce the environmental impact from industrial 
production and consumption. Roland has a graduate 
degree in physics from the Technical University Berlin 
and a PhD in engineering from the University of Surrey.

Email: rgeyer@ucsb.edu



Lawrence Fischel PhD is Senior Scientist, Modeling & 
Simulation – The Clorox Company, where he has been 
developing and implementing multifaceted, multiscale 
M&S approaches in support of several Clorox business 
units, such as Cleaning and Foods. He has been with 
Clorox for eight years. In this time, he has taken 
innovative experimental or computational roles in 
process, product, and packaging development.  In his 
current role, Lawrence is responsible for developing 
Finite Element Analysis (FEA) approaches for packaging 
evaluation in support of the technical sustainability 
pipeline for packaging that will help Clorox meet its 
2030 sustainability goals while delivering innovation 
and/or cost savings for the company. Lawrence earned 
a Ph.D. in Chemical Engineering from UC Berkeley after 
a B.S. in Chemical Engineering from UCLA. He uses his 
expertise to explore and vet materials, designs, and 
technologies that help bring consumer relevant 
products to life while bringing positive change to the 
planet.

Email: Lawrence.Fischel@clorox.com



Steve Arturo PhD, is a Principal Research Scientist in the Formulation, Automation, and 
Materials Sciences group within Core R&D at The Dow Chemical Company. Steve is the 
technical leader of Computational Materials Sciences, applying physics-based and hybrid 
models to build a bridge between molecular-level phenomena and macroscopic properties 
of formulations and materials. Steve works across modeling groups in chemistry, 
engineering, and data science to provide holistic digital solutions to colleagues and 
customers of Dow. Steve’s academic training is in applied mathematics and chemical 
engineering, specifically solution thermodynamics for the computation of properties of 
pure species and mixtures. While at Dow, Steve learned polymer reaction engineering while 
working on internal projects and in an external collaboration with Northwestern University. 
Steve continues his work in miscibility modeling and in advanced structure-property 
relationships using kinetic Monte Carlo methods for detailed polymer architecture. Steve’s 
work has resulted in the development of several new products and has debottlenecked 
manufacturing processes. 

More recently, Steve has applied domain knowledge 
within active learning methods to decrease the amount 
of experimentation and to reach experimental objectives 
more quickly than using traditional methods. Steve’s 
organizational work inside of Dow includes leading 
technical leaders in data science, contributing to strategy 
development for digitalization efforts across Dow R&D, 
and partnering with professional organizations (AIChE, 
ACS, CoMSEF), external companies (IBM), journals (ACS 
Engineering Au), and universities (UCSB, UIUC). Steve 
takes care in mentoring graduate students and 
colleagues to have a greater impact in sustainability and 
digitalization efforts. Outside of Dow, Steve volunteers 
at the Attic Youth Center, Philadelphia’s only 
independent LGBTQ youth center. Steve earned his B.S. 
and Ph.D. at the New Jersey Institute of Technology. In 
his 17 years at Dow, he has four granted patents, 
authored 16 publications in peer-reviewed journals, and
has given dozens of external presentations related to his 
research program. Steve has recently won the BIG 
Innovation and ICIS awards for collaborative work in 
providing digital solutions to Dow customers.

Email: SGArturo@dow.com



Matt Wagner is a Director in Research & Development 
at The Procter & Gamble Company in Cincinnati, Ohio. 
Matt’s career has spanned analytical chemistry and 
technology and product development across cleaning 
and hygiene categories and brands. Matt’s current 
focus is on the development of high performing and 
sustainable materials for P&G’s products and brands.

Email: wagner.ms@pg.com

Karla Mora is the Founder and Managing Partner of 
Alante Capital, a VC fund focused on enabling a circular 
and decarbonized future for the apparel, footwear, and 
home goods industries. Launched in 2016, Alante 
creates a collaborative space for startups, corporates, 
and investors to support solutions to pressing global 
problems. The fund invests in early-stage innovations 
that address systemic issues across consumer 
industries.

A development economist by training, Karla has 
dedicated her career to reforming production practices 
to improve working conditions and protect the 
environment. Before launching Alante, her experience 
included investing in early-stage social enterprises in 
emerging markets, working on supply chain reform in 
Afghanistan, and with the UN Sustainable Commodity 
Initiative for the coffee sector. She currently serves on 
the boards of Mango Materials, FIT:MATCH.ai, and 
Sway and is a Bren Eco Entrepreneurship Advisory 
Council member.

Email: karla@alantecapital.com



Tal Margalith received his PhD in Materials from UCSB 
in 2002, in the field of Gallium Nitride optoelectronics. 
After graduating, he spent 10 years in the industry: first 
in the R&D division of Philips Lumileds Lighting, then at 
UCSB-spinoff Soraa as the Director of the Process 
Engineering arm of the company’s Operations Division. 

Tal serves as the Executive Director for Scientific 
Initiatives and Innovation at the California NanoSystems 
Institute (CNSI), where he works to strengthen 
corporate relations and technology outreach, facilitate 
technology translation from academia to industry, and 
promote new multi-PI and multi-campus initiatives for 
science and engineering at UCSB. Tal oversees the 
shared-use facilities, runs the startup-focused CNSI 
Technology Incubator program, and serves as the 
Industry Liaison for the NSF Quantum Foundry and the 
Executive Director for BioPACIFIC MIP.

Email: margalith@ucsb.edu
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Polymer	Sequence	Alters	Sensitivity	and	Resolution	in	Chemically-Amplified	
Polypeptoid	Photoresists	
	
C.	P.	Adamsa,	C.	Heneina,	C.	Yuanb,	C.	K.	Oberb,	and	R.	A.	Segalmana			
aUniversity	of	California,	Santa	Barbara	
bCornell	University	
	
Polymer	photoresists	have	long	played	a	critical	role	in	the	fabrication	of	microelectronic	devices.	
However,	 significant	 challenges	 with	 stochastics	 and	 sensitivity	 have	 arisen	 as	 state-of-the-art	
“extreme	ultraviolet”	(EUV,	13.5	nanometer	wavelength)	lithography	tools	now	allow	for	patterning	
of	sub-10	nm	features.	To	address	these	issues,	we	have	developed	polypeptoid-based	photoresists	
to	probe	the	effects	of	polymer	sequence	and	chain	length	on	patternability.	Traditional	polymers	
have	inherent	dispersities	in	molecular	weight,	composition,	and	sequence.	These	are	compounded	
by	 material	 inhomogeneities	 in	 photoresist	 formulations	 and	 poor	 EUV	 photon	 absorption,	
contributing	 to	 unacceptable	 patterning	 defects.	 Sequence	 specificity	 of	 the	 peptoid	 system	
eliminates	 these	 variations,	 and	 a	 tunable	 synthesis	 involving	 primary	 amines	 allows	 for	 the	
incorporation	of	a	vast	range	of	functionalities.	In	this	study,	we	investigated	the	impacts	of	both	
chain	length	and	sequence	on	pattern	contrast	and	resolution.	Contrary	to	traditional	models	that	
predict	equivalent	patterns	for	materials	of	identical	composition,	we	found	that	polymer	sequence	
can	substantially	impact	patterning	resolution	and	sensitivity.	These	findings	open	up	a	new	design	
space	 for	 polymeric	 photoresists	 as	 we	 move	 towards	 future	 studies	 of	 how	 the	 placement	 of	
individual	functionalities	can	improve	patterning	performance.	
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Synthetic	Study	and	Characterization	of	Zwitterionic-Gyroid	Structure	
	
H.	Aramakia,b,	E.	A.	Murphya,	Y.	Lic,	R.	Sujanania,	J.	G.	Wernerc,	C.	M.	Batesa,	R.	A.	Segalmana	
and	C.	J.	Hawkera	
aUniversity	of	California,	Santa	Barbara	
bMitsubishi	Chemical	America,	Inc.	
cBoston	University	
	
The	gyroid	structure,	a	microphase-separated	morphology	with	a	three-dimensional	bicontinuous	
architecture,	 shows	 promise	 for	 various	 applications,	 including	 matter	 transport	 and	 optical	
devices,	particularly	when	combined	with	zwitterionic	moieties.	Here,	we	explore	three	approaches	
to	achieve	zwitterionic-gyroid	structures:		
l High-Throughput	Study	of	Zwitterionic	BCP	
Morphology	Behavior:	
Using	well-fractionated	 BCPs	 containing	 active	 ester	
groups,	 we	 conducted	 systematic	 studies	 of	
zwitterionic	 BCP	 morphologies.1)	 The	 BCPs	 were	
functionalized	 with	 amine-containing	 sulfobetaine,	
and	the	resulting	morphologies	were	characterized	by	
SAXS.	
l ABC-Triblock	 Copolymer	 Templates	 for	

Structured	Zwitterionic	Films:	
Building	upon	Li	et	al.'s	demonstration	of	cross-linked	
BCPs,	we	utilized	their	epoxide-containing	BCP	system	
for	 post-functionalization.2	 By	 introducing	
sulfobetaine	with	a	secondary	amine,	we	successfully	
functionalized	 this	 film	 while	 preserving	 its	
morphology.	 The	 functionalized	 film	 exhibited	
enhanced	 water	 uptake	 compared	 to	 the	 original	
structure.	
l Gemini-Structured	Zwitterionic	Liquid	Crystals:	
Gemini-	structured	zwitterionic	liquid	crystals	(LCZIs)	are	known	to	form	gyroid	structures	when	
blended	with	salts	or	acids,	typically	yielding	smaller	d-spacing	than	BCPs.3,4	We	synthesized	the	
imidazolium-type	gemini-structured	LCZI	to	enhance	functionality.	
Acknowledgment:	We	would	 like	 to	 thank	 Prof.	 Ichikawa	 for	 providing	 valuable	 advice	 on	 the	
synthesis	of	Gemini-	structures.	
	
References:	
	
1. E.	A.	Murphy	et	al.	Acc.	Chem.	Res.	2024,	57	(8),	1202–1213.	
2. Y.	Li	et	al.	Nano	2024,	18,	19150−19160.	
3. T.	Kobayashi	et	al.	Chem.	Sci.,	2019,	10,	6245–6253	.	
4. H.	Wu	et	al.	Macromolecules	2021,	54,	5856−5865.	

	
	
	
	
	
	

Functionalization	of	Well-Fractionated	
Block	Copolymers	

	
	
	
	
	
	

	
Functionalization	of	Well-Aligned	Block	

Copolymer	Films	
	
	
	

	
	

Polymerization	and	Crosslinking	of	LCZI	
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Converting	a	Metal-Coordinating	Polymer	to	a	Polymerized	Ionic	Liquid	Improves	
Li+	Transport	
	
J.	T.	Bamforda,	L.	W.	Gordona,	R.	J.	Clementa,	R.	A.	Segalmana	

aUniversity	of	California,	Santa	Barbara	
Santa	Barbara,	CA	
	
Solid	 polymer	 electrolytes	 made	 from	
mechanically	 robust	 and	 nonflammable	
materials	will	enable	the	next	generation	of	Li+	
batteries	with	higher	power	and	energy	density.	
However,	 fundamental	 limitations	 in	 the	
transport	mechanism	 of	 conventional	 polymer	
electrolytes	 bar	 them	 from	 attaining	 market-
relevant	 Li+	 conductivity.	 Herein,	 we	
demonstrate	 that	 conductivity	 in	 a	 high-
performing	metal-ligand	 coordinating	polymer	
(PMS-Im)	 can	 be	 substantially	 improved	 by	
chemically	 modifying	 its	 imidazole	 ligand	 to	
imidazolium	 (PMS-Im+).	 As	 an	 ionic	 liquid	
functionality,	 the	 polymer-bound	 imidazolium	
provides	 several	 key	 advantages:	 (i)	 plasticization	 of	 the	 polymer	 electrolyte	 to	 a	 lower	 glass	
transition	temperature	(Tg),	(ii)	insensitivity	of	Tg	to	the	addition	of	Li	salt,	(iii)	solvation	of	high	
salt	loadings	without	trapping	Li+,	and	(iv)	formation	of	ion-rich	pathways	with	electrochemically	
beneficial	ion-ion	correlations	(i.e.	a	high	inverse	Haven	ratio).	As	a	result,	Li+	conductivity	in	PMS-
Im+	(2.1*10-5	S/cm)	is	over	an	order	of	magnitude	greater	than	in	PMS-Im	at	90	̊ C,	and	the	difference	
is	several	orders	of	magnitude	at	30	˚C.	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Imidazolium	functionality	on	polymer	electrolyte	
substantially	improves	Li+	conductivity	compared	
to	imidazole	functionality.	
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Value	of	PEP	as	a	Model	Substrate	for	Polyolefin	Depolymerization	and	Associated	
Upcycling	Strategies	
	
J.	Bingaman,	R.	B.	Venkatesh,	S.	Scott,	and	R.	Segalman		
Chemical	Engineering	Department,	University	of	California,	Santa	Barbara,	93106	
	
The	growing	emphasis	on	circular	carbon	and	reducing	greenhouse	gas	emissions	in	the	chemical	
industry	 has	 driven	 efforts	 to	 recover	 chemical	 components	 from	 plastics	 for	 reuse.	 Partial	
depolymerization	of	polyolefins,	however,	remains	challenging	due	to	the	complexity	of	both	the	
materials	and	the	resulting	product	distributions.	While	simplifying	the	problem	by	using	model	
substrates	is	a	common	strategy,	some	simplifications	can	overlook	critical	properties	necessary	for	
predictive	models.	Here,	we	propose	polyethylene-alt-propylene	(PEP)	as	an	ideal	model	substrate	
for	polyolefin	depolymerization.	PEP	retains	key	characteristics	of	commercial	polyolefins	while	
offering	advantages	in	characterization.	Using	a	fluorinated	alumina	catalyst,	we	demonstrate	the	
catalytic	 depolymerization	 of	 PEP	 and	 compare	 its	 behavior	 to	 a	 commercial	 polyethylene,	
highlighting	 the	 utility	 of	 PEP	 in	 advancing	 depolymerization	 research.	
	
*This	work	was	supported	by	Department	of	Energy	(DOE)	grant	DE-SC0022294	awarded	to	the	
University	of	California,	Santa	Barbara.	The	MRL	shared	experimental	facilities	that	were	utilized	
in	this	work	are	supported	by	the	MRSEC	Program	of	the	NSF	under	Award	No.	DMR	1720256;	a	
member	of	the	NSF-funded	Materials	Research	Facilities	Network	
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New	Precursors	and	Methods	for	Hard	Carbon	Anodes	in	Na-Ion	Batteries		
	
K.	Brockmeyer,	A.	Bologna,	E.	Moya,	R.	Seshadri,	R.	Segalman	
Materials	Research	Laboratory,	University	of	California,	Santa	Barbara,	93106	
	
While	lithium-ion	batteries	are	ubiquitous	in	consumer	electronics	and	electric	vehicles,	their	high	
cost	makes	them	unattractive	for	grid-scale	energy	storage,	the	
demand	 for	 which	 will	 increase	 with	 the	 adoption	 of	
intermittent	 renewable	 energy.	 Na-ion	 batteries	 are	 a	
promising	alternative	due	to	the	low	cost	and	earth	abundance	
of	 sodium,	but	 are	 limited	 in	 capacity	 and	cycle	 life	by	poor	
anode	 materials.	 We	 have	 investigated	 novel	 precursor	
materials	(biomatter,	waste	plastics,	and	purpose-built	custom	
polymers)	 and	 synthesis	 methods	 (conventional	 furnace	
heating	 versus	 microwave	 heating)	 to	 produce	 hard	 carbon	
anodes	with	customized,	 tunable	properties.	We	use	Raman,	
XRD,	PDF,	and	BET	to	probe	the	structural	motifs	of	the	hard	
carbons	 such	 as	 disorder,	 layer	 spacing,	 and	 pore	 size.	
Understanding	 the	 fine	 structural	 details	 of	 the	hard	 carbon	
materials	 will	 yield	 an	 understanding	 of	 Na	 intercalation	
mechanisms	during	battery	cycling.	We	ultimately	make	Na-
ion	 batteries	 from	 our	 materials,	 the	 cycling	 of	 which	 allows	 us	 to	 tie	 together	 structure	 and	
performance.		
	
References:	
	
1. D.	Chen,	W.	Zhang,	K.	Luo,	Y.	Song,	Y.	Zhong,	Y.	Liu,	G.	Wang,	B.	Zhong,	Z.	Wu,	and	X.	Guo,	

Hard	carbon	for	sodium	storage:	mechanism	and	optimization	strategies	toward	
commercialization,	Energy	&	Environmental	Science	4	(2021),	2244-2262..	DOI:	
10.1039/D0EE03916K		

2. J.	M.	Stratford,	A.	K.	Kleppe,	D.	S.	Keeble,	P.	A.	Chater,	S.	S.	Meysami,	C.	J.	Wright,	P.	L.	D.	S.	
P.	P.	G.	A.	V.	M.	L.	A.	S.	K.,	J.	W.	L.	B.	M.	O.	E.	T.,	and	C.	P.	Grey,	Correlating	local	structure	
and	sodium	storage	in	hard	carbon	anodes:	insights	from	pair	distribution	function	analysis	
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Raman	spectra	of	PVDC	derived	
hard	carbon.	Integrated	intensity	
I(D)/I(G),	here	2.34,	quantifies	
disorder	of	the	material.		
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Making	 Hydrogels	 in	 “Dark	 Mode”:	 Tuning	 Hydrogel	 Structure	 and	 Properties	
Using	Time-Modulated	Photocuring	
	
Kenneth	Cerdana,b,c,	Devon	Callanb,	Juan	Manuel	Urueñac,	Christopher	M.	Batesb,c,d,	Claus	
Eisenbachd,	Noy	Cohene,	Megan	T.	Valentinea,c,	Matthew	E.	Helgesonb,c		
aDepartment	of	Mechanical	Engineering	
University	of	California,	Santa	Barbara,	Santa	Barbara,	CA	93106-5070	
bDepartment	of	Chemical	Engineering	
University	of	California,	Santa	Barbara,	Santa	Barbara,	CA	93106-5080	
cBioPACIFIC	MIP	
University	of	California	Santa	Barbara,	Santa	Barbara,	CA	93106-6105	
dMaterials	Department	
University	of	California,	Santa	Barbara,	93106	
eDepartment	of	Materials	Science	and	Engineering	
Technion,	Israel	Institute	of	Technology,	Haifa	3200003,	Israel	
	
Uncontrolled,	 photoinitiated	 radical	 polymerization	 is	 used	 commercially	 to	 create	 hydrogels	
across	a	wide	range	of	applications	including	coatings,	3D	printing,	fine	particles,	and	biomedicine.	
Despite	this	ubiquity,	radical	polymerization	typically	creates	complex	hydrogel	structures	that	are	
difficult	to	control	through	molecular	chemistry	alone,	leading	to	empirical	optimization	of	pre-
cursor	 formulations	 to	engineer	 their	properties.	 In	 this	work,	we	
demonstrate	 an	 alternative	 approach	 that	 uses	 time-modulated	
photoinitiation	 as	 a	 processing	 tool	 to	 control	 the	 kinetic	
development	 of	 hydrogel	 structure.	 Using	 poly(ethylene	 glycol)	
methyl	ether	acrylate	(PEGMEA)	as	a	model	linear	bottlebrush,	and	
poly(ethylene	 glycol)	 diacrylate	 (PEGDA)	 as	 a	 model	 hydrogel	
system,	 we	 demonstrate	 how	 controlling	 the	 time	 scales	 of	
alternating	 “light”	 and	 “dark”	 photoexposure	 intervals	 provides	 a	
route	to	control	the	molecular	weight	distribution	of	active	radical	
oligomers,	 thereby	 controlling	 the	 topology	 and	 structure	 of	
crosslinking	centers	within	the	emerging	network.	Gel	Permeation	
Chromatography	 coupled	 to	 Multi-Angle	 Light	 Scattering	 (GPC-
MALS)	measurements	elucidate	 the	 impact	of	 this	process	on	the	
absolute	molecular	weight	of	PEGMEA	bottlebrushes,	whereas	small	
angle	X-ray/neutron	scattering	and	swelling	experiments	are	used	to	track	the	resulting	changes	in	
the	final	PEGDA	network	structure.1	The	results	are	rationalized	using	a	detailed	kinetic	model	that	
predicts	 the	 time-evolving	 molecular	 weight	 distribution	 of	 crosslinking	 species	 within	 the	
network.2	Ultimately,	we	show	that	high-frequency	cycling	of	photoexposure	produces	a	population	
of	long,	bottlebrush-like	crosslinking	centers	that	act	as	rod-like	reinforcements	of	the	hydrogel	
network,	 leading	 to	 significantly	 enhanced	 strain-stiffening,	 toughness	 and	 extensibility.3	 The	
results	 demonstrate	 how	 time-modulated	 photocuring	 can	 be	 used	 as	 a	 simple,	 general,	 and	
chemically	 orthogonal	 route	 to	 control	 network	 structure	 and	 properties	 of	 photopolymerized	
hydrogels.	
	
	
	
	
	

	
Periodic	photoinitiation	allows	
control	over	the	network	topology	and	
the	resulting	bulk	properties	of	
hydrogels	synthesized	via	radical	
polymerization		
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