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Presentations on Demand  ACS Member only access to over 1,000 presentation
oo racordings from recent ACS meetings and select events.

NEW! ACS Career Navigator
Your source for leadership development, professional
education, career services, and much more.

www.acs.org/2joinACS :




Like us on Facebook! ACS =
W Chemistry for Life

© facebook.com/acswebinars



How has ACS Webinars” benefited you? W égséyfomfe@

“Today's webinar on transitioning from organic
solvents was the best Webinar in which |
participated both from the ACS and other
organizations. It also gave me a genuine familiarity
with the scope and benefits of green chemistry,
which until now was something out there but to

which | paid only modest attention.”

Fan of the Weets L
Steve Hirsch, Ph.D. Y

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org
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“ACS Webinets " are 2
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e most populas full longth
ACS ACS Webinars®”
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Beginning in 2014 all recordings of ACS Webinars will be available
to current ACS members two weeks after the Live broadcast date.

Live weekly ACS Webinars will continue to be available to the
general public.

Contact ACS Webinars ® at acswebinars@acs.org
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Dr. Darcy Gentleman, Manager, Engagement and Science Communications,
The American Chemical Society

Wednesday, March 18, 2015 at 11am CST
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“Making Plastic Greener Through Next Generation Polymers”

Dr. Marc Hillmyer
Director

Center for Sustainable Polymers,

University of Minnesota

Dr. Joseph Fortunak
Professor of Chemistry,
Howard University

Slides available now! Recordings will be available to ACS members after one week.

www.acswebinars.org

This ACS Webinar is co-produced with the ACS Green Chemistry Institute
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Polymers are produced on the teragram scale.

A

Polymer production is largely based on finite feedstocks.




Polymer waste persists in the environment.

Making Plastic Greener
Through Next Generation Polymers

Kechun Frank
Zhang Bates
__ m—

Marc A. Hillmyer

UNIVERSITY OF MINNESOTA
Driven to Discover~

o Fas 4

Mingyong Debbie
C&E News June 2,2014 Xiong Schneiderman

o

[asS

A Toxic Love Story

£ "

Susan Freinkel

“In a world of nearly seven billion souls and counting, we are not going to feed, clothe and
house ourselves solely from wood, ore and stone; we need plastics.And in an era when
we're concerned about our carbon footprint, we can appreciate that lightweight plastics
take less energy to produce and transport than many other materials. Plastics also make
possible green technology like solar panels and lighter cars and planes that burn less fuel.
These “unnatural” synthetics, intelligently deployed, could turn out be nature’s best ally.”

New York Times 17 March 2011 6



Photographer

Sarah Leen

s A - P i . L1\
From “The end of cheap oil” National Geographic June 2004

lightweight moldable
protective insulating
strong disposable
transparent R f/',f:';”ol,f: inexpensive

What could the future polymer industry look like?

Biomass (waste or non-nutritive)

‘ bio, organic, & inorganic chemists
Monomers (new and established)

‘ polymer chemists & materials scientists
Sophisticated materials (structure-controlled)

all stakeholders

Sensible end-of-life solutions (recycling, incineration, compost)

integrated efforts by chemists, chemical engineers & materials scientists



REVIEW

Valorization of Biomass: Deriving
More Value from Waste
Christopher 0. Tuck," Eduardo Pérez," Istvin T. Horvith,2* Roger A. Sheldon,™ Martyn Poliakoff**

Most of the carbon-based compounds currently manufactured by the chemical industry are derived
from petroleu. The rising cost and dwindling supply of oil have been focusing attention on
possible routes to making chemicals, fuels, and solvents from biomass instead. In this context,
many recent studies have assessed the relative merits of applying different dedicated crops

to chemical production. Here, we highlight the opportunities for diverting existing residual
biomass—the by-products of present agricultural and food-processing streams—to this end.

potential resource:
across the world.

(10" kg or 10" g)

[ o
OH PAL NoH
— -
NH,

L-phenylalanine Cinnamic acid

\ PAL = L-phenylalanine ammonia lyase

from fermentation of biomass

Tuck et al. Science 2012

Styrene

Waste constitutes an enormous

hundreds of megatonnes (Mt)/year

How many billion kilograms in one teragram?

(@l
()10
(c)100
(d) 1000

Center for Sustainable Polymers

NSF Center for Chemical Innovation

UNIVERSITY OF MINNESOTA

A Berkeley

« Established at UMN in May 2009
* Phase | NSF CCI September 201 |
* Phase Il CCI from the NSF August 2014
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CSP Grand Challenge

Discover efficient and precision conversions of
renewable raw materials into innovative polymeric
products that outperform the current suite of
non-sustainable polymers from performance,
environmental, and cost perspectives.

Integrative elements

« Center management
Streamlined & lean approach that fosters creativity
* Innovation

Effective engagement and partnerships with industry

* Education and Professional Development

Train tomorrow’s leaders in sustainable science and technology
* Informal Science Communication

Capture the attention of kids and adults on a grand scale
* Broadening Participation

Actively encourage diversity as a critical ingredient for success
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Next Generation Feedstocks thrust

oH TN TN

Controlled Polymerization
Processes thrust

<:] \/\/‘/\_R-‘J\/Z d,|-lactide TOH\

Hybrid Polymer Structures thrust

lactic acid lactide polylactide

o _ HZO J\”/o o
HO
%OH j/: K catalysl \eo %ﬂ
(¢}
—
| . « Compost: 100% in ~45 days

* Incinerate: Low residue

* Recycle: Chemical and mechanical
+ Cost ~ PS and PETE

+ Toughness & thermal limitations (T ~ 60 °C)

+ 100s of millions of kilograms per year

% annual growth rate in bioplastics 17

Tg: high  low  high O O

Marriage of elastomers and plastics:
thermoplastic elastomers




ACSMacro Lettersy -

Sustainable Thermoplastic Elastomers from Terpene-Derived E
Monomers
Justin M. Bolton,' Marc A, Hiliyer,* and Thomas R Hoye* - =

a-methyl-
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pinenes
myrcene

L

sequential anionic l polymerization
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ACS Macro Lett. 2014, 19
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Aliphatic Polyester Block Polymers: Renewable, Degradable, and
Sustainable
Mare A, Hillmyer* and Willam B, Tolman*
, c c 207 .
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Acc. Chem. Res. 2014, 47,2390.

What is the approximate glass transition temperature of PLA?

(2) —60 °C
(b) 0 °C
() 60 °C
(d) 160 °C




B-methyl-d-valerolactone
+Org Syn. 1955, 35,87

O +Spicy-apple, sweet flavor in Turkish tobacco
(Tobac. Sci. 1973, 18,43)

+ Cyclic ester susceptible to ROTEP
& O
+ROTEP produces a low Tg polyester

« Early German & Japanese polymer patents (PUs)

()
H 3(: B «Extensive literature on use as synthon
Y

+Very little in the literature on polymers

0y 0
valeric acid found in the valerian plant :\ED Ei — .
j:o + L bog%#ocnpé g

(Valeriana officinalis)
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500 liter scale up on 5 March 2014

Discover efficient and precision conversions of renewable
raw materials into innovative polymeric products that
outperform the current suite of non-sustainable polymers
from performance, environmental, and cost perspectives.
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et al. Proc. Natl.Acad. Sci. 2014, | | 1, 8357. 30




How much does Prof. Hillmyer love sustainable polymers?

(2) not atall
(b) somewhat
(c) alot

(d) a little too much

JAC

Poly(propylene succinate): A New Polymer Stereocomplex
Julie M. Longo, Angela M. DiCiccio, and Geoffrey W. Coates™

Department o Chemisty and Chemicl Biology, Baker Laborstory, Comnell Uniersy, Ithscs, New York 14553-1301, United States

C&E News November 17,2014

- “Itis relevant to the world of industrial polymers because it
1 addresses issues with biodegradation, renewable raw
| 1% materials, and the demands placed on modern plastics. In this
= N case, that s the ability to crystallize quickly from the melt
= and have a melting point above 100 °C. In principle, this
' discovery could be a keystone of a new line of thermoplastic
T TR polymers.” - Eric PWasserman, Dow Chemical

JAm. Chem. Soc. 2014, 136, 15897. (ACS Editors’ Choi

Soaeoccmeeen JACS spotiight
fpeemad J.Am. Chem. Soc. 2014, 136, 15807~ 15808

ChemComm
COMMUNICATION
@ Olefins from biomass feedstocks: catalytic ester
ion and tandem Heck-type coupling

carboxylic acids
from biomass

Alex John, Lewi T. Hogan, Marc A, Hilmyer* and Viliam 8. Toiman®

Commun. 2015,51,273

N o M2,




Poly(acetylated methacrylic isosorbide) [PAMI]

S fJCSSTa Ihable James J. Gallagher; Marc A. Hillmyer;* and Theresa M. Reineke*
Saoidp Department of Chemistry, University of Minnesota, 207 Pleasant Street SE,
emistry: Engineering Minneapolis, MN 55455

- z R /] iz
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ACS Sustainable Chem. Eng. in press 2015 (ACS Editors’ Choice) 34
Discover efficient and precision conversions of renewable
raw materials into innovative polymeric products that
outperform the current suite of non-sustainable polymers
from performance, environmental, and cost perspectives. | 4
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Xiong et al. Proc. Natl. Acad. Sci. 2014, 11 1,8357.
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