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« LEARN -

{4 Let’s Get Social!

Follow the American Chemical Society on Twitter, Facebook,
Instagram, and LinkedIn for the latest news, events, and
connect with your colleagues across the Society.

linkedin.com/company/
american-chemical-society

@AmerChemSociety @AmericanChemicalSociety @amerchemsociety

Contact ACS Webinars® at acswebinars@acs.org
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CUCK + WATCH » LEARN » DISCUSS,

Where is the Webinar Recording?

ACS Members w/Premium Package

Visit the ACS Webinars® Library

All Registrants

Watch the unedited recording

linked in the Thank You Email
for 24 hours.

to watch the edited and
captioned recording.
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ACS Webinars

CLCK + WATCH « LEARN - DISCUSS

Explore the new and improved ACS Webinars® Library!
] ] ]

Familiar search, sort, and filtering - - =x
tools have been added to help find o =

the recording you are looking for

Accurate captions for accessibility

Improved granular topics and
collections

Exclusive for ACS Members
with the Premium Package

Visit www.acs.org/acswebinars to discover hundreds of recordings!
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ACS

A Career Planning Tool For Chemical Scientists & Chemistry forLife®

ChemlIDP is an Individual Development Plan
designed specifically for graduate students and
postdoctoral scholars in the chemical sciences.
Through immersive, self-paced activities, users
explore potential careers, determine specific skills
needed for success, and develop plans to achieve
professional goals. ChemIDP tracks user progress
and input, providing tips and strategies to
complete goals and guide career exploration.

https://chemidp.acs.org ¢
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ACS

Career Consultant Directory Y cremistryfor Life"

Find a Career Consultant

= i

Academia Government Industry
a0 el
%25 S22
Nonprofit Independent Retirement

* ACS Member-exclusive program that allows you to arrange a one-on-one appointment with
a certified ACS Career Consultant.

* Consultants provide personalized career advice to ACS Members.

* Browse our Career Consultant roster and request your one-on-one appointment today!

www.acs.org/careerconsulting 7

ACS Bridge Program )2 f‘he&tsmmm

Are you thinking of Grad School?

If you are a student from a group underrepresented in the chemical sciences, we
want to empower you to get your graduate degree!

The ACS Bridge Program offers:

* A FREE common application that will highlight your achievements
to participating Bridge Departments

* Resources to help write competitive grad school applications and
connect you with mentors, students, and industry partners!

Learn more and apply at www.acs.org/bridge

Email us at bridge@acs.org
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ACS Scholar Adunoluwa Obisesan
BS, Massachusetts Institute of Technology, June 2021

(Chemical-biological Engineering, Computer Science & Molecular Biology)

“The ACS Scholars Program provided me with monetary
support as well as a valuable network of peers and mentors
who have transformed my life and will help me in my future
endeavors. The program enabled me to achieve more than |
could have ever dreamed. Thank you so much!”

‘ SCHOLARS
PROGRAM

Donate today at www.donate.acs.org/scholars
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ACS Sam Jones, PhD

Chemistry for Life® Jo) Science Writer & Exec Producer
/5

Looking for a new science podcast ™
to listen to? » Deboki Chakravarti, PhD
7 p P Science Writer & Co-Host
T % I\I :.J’ TO SUBSCRIBE
..:.. visit http://Www.acs.orq/tinvmatters or
MATTE RS scan this QR code
e [m] 32 [m]
& ”

Check out Tiny Matters, from the American Chemical Society.
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Carolyn Bertozzi and K. Barry Bioorthogon: k chemistry Lithium mining's water use
Sharpless chat about sharing clinch th 1Prize sparks bitter conflicts and y
the 2022 Nobel Prize in : novel chemistry revisits a fan-favorite interview
Chemistry i s with the renowned scientist

®)

HEMCONVOS

Jess Wade on Wikipedia and The sticky science of why we There's more

ames Harris's The helium shortage that
work-life balance eat so much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY (... IR

cen.acs.org/sections/stereo-chemistry-podcast.html




ACS on Campus is the American Chemical
Society's initiative dedicated to helping students
advance their education and careers.

Get Results.

Discover how to prepare an effective resume. interview
with confidence. pick a graduate or post-doctoral
program. and more!

Get Published.

Share your science with confidence - get essential tips
for becoming a better writer. reviewer and
communicator

Get Ahead.

Develop your career, network with local professionals,
and learn how to leverage your ACS membership.

acsoncampus.acs.org
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ACS Industry
Member Programs

* ACS Industry Matters

ACS member only content with exclusive
insights from industry leaders to help you
succeed in your career. #ACSIndustryMatters

Preview Content: acs.org/indnl

« ACS Innovation Hub Linkedin Group

Connect, collaborate and stay informed about
the trends leading chemical innovation.

Join: bit.ly/ACSinnovationhub

ACS
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& Shwpus




2/28/2024

ACS
ACS Career Resources W Chemistryfor Life®

Virtual Office Hours Personal Career Consultations Linked ] Learning

Jim Tung

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.htm https://www.acs.org/linkedInlearning
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ACS Publications

W Most Trusted. Most Cited. Most Read.

Most Trusted. Most Cited. Most Read. NEW & NOTEWORTHY

Follow your favaurite journal or newsletter

ACS Publications’ commitment to publishing high-quality content continues to attract impactful research that Souigh the Emad Preference Center
addresses the world’s most important challenges.

Open Access for everyone - no matter your

m —

Find the latest virtual, hybrid and in-person
events hosted by ACS Publications

Browse Content

Materials
Science &
Engineering

Organic-
Inorganic

https://pubs.acs.org 16
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ACS Advocacy <7 f;eﬁq}fww

See your influence in action!

The impact and results of ACS member advocacy outreach and efforts by the numbers!

2439+ 1739+ 49

Members participated ACS Advocacy Years of Public

In Act4Chemistry Workshops pﬁirticipants Policy Fellows
or enrollees

2000

Letters sent to
Congress

Get Involved Enroll in a workshop Become a Fellow Take Action

American Chemical Society httDS://WWW.aCS.OrQ/DO“CV 17
17
ACS TECh&”iﬁﬁ‘l P\V[sion ACS_Committee
A complete listing of ACS Safety Programs and Resources
CHEMICAL SAFETY
Resources to Support Laboratory Safety
Education and Practice
Download it for free in the “Projects & Announcements” Section! www.acs.org/ccs
DG e @Mmuse [ams, e
18
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https://www.acs.org/policy
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ACS OFFICE OF DEIR

Advancing ACS' Core Value of Diversity, Equity,

Inclusion and Respect

Resources

Inclusivity Style Guide ACS Webinars on Diversity

ACS Publications DEIR Hub ACS Volunteer and ACS
" Publication: Meetings Code of Conduct

NEW! Download DEIR

C&EN Trailblazers
8 f Educational Resources

Quick Guide: How to host
inclusive in-person events

Quick Guide: Inclusion
Moments

ACS

Chemistry for Life®

BECAUSE PEOPLE
LIKE YOU CREATE
GREAT CHEMISTRY

You belong here

Join ACS Renew Membership

Have a Different Question?
Contact Membership Services

Toll Free in the US: 1-800-333-9511
International: +1-614-447-3776

service@acs.org

Diversity, Equity, Inclusion, and Respect

**Adapted from definitions from the Ford Foundation Center for Social Justice:

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and

fairess In access to information
and resources for all. We believe
this is only possible in an
environment built on respect and
dignity. Equity requires the
identification and elimination of
barriers that have prevented the

full participation of some groups.

Diversity**

The representation of varied
identities and diff (race,
ethnicity, gender, disability, sexual
orientation, gender identity,
national origin, tribe, caste, socio-

economic status, thinking and
communication styles, etc.),
collectively and viduals. ACS

s to proactively enga

2/28/2024

Inclusion**

Builds a culture of belonging by
actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS to create balance
in the face of power differenc
addition, no one person can or
should be called upon to represent

an entire community.

Respect

Ensures that each person is treated
with professionalism, integrity, and
ethics underpinning all

interpersonal interactions.

https://www.acs.org/diversity

www.acs.org/membership
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Premium

udents, pre

etter price.

$160

Regular Members & Society
Affiliates

s80 Recent Graduates* €

s55 Graduate Students

525 Undergraduate Students
s80 Retired
s0 Emeritus

Standard

A eaturing a slimmed-dow

at half the price.

s80 Regular Members

s40 Recent Graduates* @

Basic

Introductory set c l

s0 Community Associate

10
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ACS ACS Webinars

www.acs.org/acswebinars
W Chem|stry for Life® CLICK - WATCH - LEARN -

Thursday, February 29, 2024| 2-3:15pm ET Thursday, March 7, 2024| 2-3pm ET Wednesday, March 13, 2024| 11am-12:30pm ET

Sustainable Biomanufacturing at Scale The Art of Self-Reinvention Fungal Foes: Understanding the Challenges

and Exploring New Treatment Options
Co-produced with the ACS Committee on Science Co-produced with the ACS Women Chemists Committee

Co-produced with the ACS Publications

Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars
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Natural Polymers Consortium (NPC) ACS cci
Natural Polymers Consortium
A pre-competitive partnership with industry leaders
to explore the utilization of natural polymers to
accelerate the development of more sustainable
functional materials.
1. Examining how different natural polymers can
provide more sustainable functional
replacements of incumbent commercial materials.
2. Accelerating industrial innovation by partnering with
researchers in academia and government, while www.acs.org/npc
providing financial research support. For more information please contact:
3. Identifying and prioritizing industry-relevant Isamir Martinez (i martinez@acs.org)
innovation gaps that can be used to encourage
relevant fundamental research. Edmond Lam (e_lam@acs.org)
22
22

11


http://www.acs.org/acswebinars
mailto:i_martinez@acs.org
mailto:e_lam@acs.org

2/28/2024

ACS
W Chemistry for Life®

www.acs.org/acswebinars

I\
THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

> Say hello in the
guestions window!
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ACS B e S Uner ACS Webinars

W Chemistryfor Life® O Handouts Section CUCK + WATCH » LEARN

www.acs.org/acswebinars
Harnessing the Power of Natural Polymers:
Innovation Opportunities for Circular Materials

BENJAMIN S. HSIAO, PhD CHRISTIAN LENGES, PhD, MBA LYNDSAY LEAL, PhD EDMOND LAM, PhD

Distinguished Professor, Stony Assistant Director, ACS Green
Brook University Chemistry Institute

Venture Director, International
Flavors and Fragrances (IFF)

Lyndsay Leal
Research Scientist, Dow
Chemical Company

This ACS Webinar® is co-produced with the ACS Green Chemistry Institute.

24

12



2/28/2024

From Waste to Harvest: New Circular
Solutions for Agriculture

Benjamin S. Hsiao

Distinguished Professor of Chemistry
Stony Brook University
New York, USA

\ ACS Webinars on Natural Polymers
\\\ Stony Brook University February 28, 2024

25

25
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There are orders of magnitude more natural polymers
than synthetic polymers

13
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Natural polymer fibers at varying scales
Plant

Plant cell

Plant cell wall

el
moleCUar Ly
(cross-section !jjjjjf

vew  FELELES
jjf/j/j Delamination
\ jj/jjf/\Cellulose nanostrip

Cellulose Cellulose

Cellulose fiber nanofiber/ microfibril/ o N " N N L
width 20-30 ym  microfibril  nascent crystal %%&O%&W
OH OH OH OH n OH OH

Length1-3mm  aggregate  width 3-4 nm
Width 10-20 nm  Length > 2 um Cellulose molecular chain (side view)

27

27
Typical manufacturing processes to produce
nanoscale cellulose fibers (nanocelluloses)
Type of nanocellulose Treatment Delamination
CNC/MCC HCI Low/Medium energy demand
H,SO,
CNF/MFC No pretreatment Very high energy demand
Enzymatic Medium energy demand
Carboxy- Low energy demand
methylation
TEMPO-treatment Very low energy demand
BNC Fermentation/ No delamination
(Acetobacter Xylinum)
28

28
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Using chemistry to break cellulose down
into nanocellulose

Fibrl surface
. b g
4, ."- . s, .10.
", bl
¥ Magr NaBrO
® dcuon  » p % “acoona
g 2 N >
Cellulose fibril =7 P ‘?r,
S TANGIER G e
L 5 " . o,
L A bn
e . .
o‘ BCHOH — "i‘ "$COONa
g % TEMPO-mediated <’
oxidation Py
il al e
L Q—O. o .‘ '.
®.
P a'_ #CH,0H .'“u.. 8-coona
e . e e
Y}
‘ss P ": e
. ]
L .. » ) o" .
e
-.‘c #cH,0H ", _#cooNa
L ', o l.

Carboxylate at Cg4 position on cellulose surface

Y. Okita, T. Saito, A. Isogai, Biomacromolecules, 2010, 11, 1696—1700

29

29

But ... the TEMPO chemistry was expensive
and not environmentally friendly
NacClo NaBr ~ =0 . OT)
Ci oy
: 0 ¢ OH :n %o OoN
T. Saito, S. Kimura, Y. Nishiyama, A. Isogai, Biomacromolecules, 2007, 8(8), 2485-2491

30

30
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Our lab developed a simple nitro-oxidation method (nitric acid +
sodium nitrite) to prepare CNF from raw biomass

initation- seperate from the catalyic cycle

NaNO, + H* —»HNO, +Na®

2H"
2HNO,
0.5N;0 +0.5 H,0

overall reaction:
v on /\
New” CH,0H

0.0

©; O\ N OH ~
0

2 4 2 oH

+2H* +2H,0

2H"
2HNO,
Hi\/ \JZHZO
05N,0 +0.5 H,0

overall reaction:
/\ HO, OH

o _on
N N

0_0. o
0,
2 \<°“ >‘\ PN SN
o 0o

OH oH

+2H"
P. Sharma, R. Joshi, S. Sharma, B. S. Hsiao, Biomacromolecules, 2017, 18(8), 2333-2342

2RCH;0H + HNO; ——— 2RCH(OH); + 0.5 N;0 + 0.5 H,0

2RCH(OH); + HNO3 —— 2RCO,H +0.5 N0 + 2.5 H,0

31
31
Hypothesis behind nitro-oxidation on pulping of raw biomass
Nitric acid can generate nitrogen
dioxide, which can react with
syringyl moiety of lignin to produce CH,OH 2
soluble benzoquinone NO,
HyCO och, MNHS) " mico OCH;3
OH o
Syringyl unit of lignin Benzoquinone
Nitric acid can decompose
hemicellulose to xylose and
other degraded byproducts
/b\ /;:2\ HNO3 Xylose and other
degraded
byproducts
Hemicellulgse
J. Wood Chem. Technol., 1996, 16(2), 169-189 32
32

16



2/28/2024

SBU’s NOP Technology

- a zero waste process

focused on upcycling food & agricultural waste into
value-added products

33

33

Nitro-oxidation process technology
- a zero waste process

INPUT REACTOR OUTPUT

Environmentally friendly products
* low-cost fertilizers

» water remediation materials

* water retention biogels

* plant growth media

34

34

17



35

36

Nitro-oxidation is particularly suited to produce
nanocelluloses from (underutilized) non-wood plants

Switchgrass Miscanthus Bamboo

Cellulose Cellulose Cellulose

Plant Cell Wall microfiber Nanofiber Microfibril

Nitro-oxidation on agricultural residues

NO-CNF-Maize Stalk NO-CNF-Bean Stalk NO-CNF-Millet Stalk

Avg. L= 1389+377 nm Avg. L= 1009+101 nm Avg. L=1200+£150 nm Avg. L=1331+281 nm
Avg. W= 8.53+2 nm Avg. W= 7+2 nm Avg. W= 11+2 nm Avg. W= 942 nm

Carboxyl=0.65 mmol/g Carboxyl=0.87 mmol/g Carboxyl=0.71 mmol/g Carboxyl=0.9 mmol/g
Zeta Potential=-101 mV Zeta Potential=-119 mV  Zeta Potential=-105 mV Zeta Potential=-120 mV

Successfully tested the nitro-oxidation treatment on 16 raw plants

2/28/2024

35

36
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Nanocellulose: an effective flocculating/coagulating
agent for removal of metal ions

Grawty microfiltration can be
. == | [ used to remove the floc

ater
Water + CNF

N o4 ~
b | Qmax=2900 mg/g

TI()+ T+
Water CNF

(A) Uranyl impurities in water

(B) Uranyl impurities remediated
by nanocellulose using gravity
driven filtration

Efficiency of nanocellulose for metal ion removal is between 50-80%.

P. Sharma et al., Cellulose, 2018, 25(3), 1961-1973
P. Sharma et al., ACS Sustain. Chem. Eng., 2018, 6(3), 3279-3290
P. Sharma et al., Ind. Eng. Chem. Res., 2017, 56(46), 13885-13893 37

37

Nanocellulose for water purification

Biomass Feedstock  Nanocellulose

< ed Teg, ;

\ = o'p\ b"°/

(°)

Coagulation- og’ <. oot

i ption

flocculation = ta'

M:;::taig: Photocatalysis
= S | “tainao™

Clean Water * (W X( )

R. Das, T. Lindstréom, P. Sharma, K. Chi, B. S. Hsiao, Chem. Rev., 2022, 122(9), 8936-9031

38
38
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Diverse biowaste for different NOP products

ﬁ BECTCIROIATERUIIZETS

Bagasse  Coffee Grounds Pomace Chicken Manure

< |

39

Benefits of NOP-fertilizers

Slow-released fertilizers

Does not require additional
hydrocarbon feedstock

Eco-friendly, zero-waste process

Cost-effective

Granular or liquid based delivery

. . Liquid or Granular
Can replace synthetic fertilizers 9

20
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We also learned
NOP-biogels are cost competitive
from techno-economic analysis

* NOP recovered fertilizers
20% cheaper than synthetic
fertilizers

* Growing media 60% cheaper
than peat moss

* Soil amendments 30%
cheaper than commercial
products

+ Biogels 80% cheaper than
synthetic hydrogels

41

vs Composting

cleaner, safer, GHG, land intensive,
6-9 hours 9 months

42

21
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NOP Technology
is superior to compost to treat natural organic waste

Composting NOP

Nutrient recovery v Vv 4
Soil safe xi S|
Human/animal safe | {‘-“‘\_. W, v
No odor/GHG xi~ Yv|
Biogel production x 5::"‘3 . Vv 4
Speed months hours

Today the world has less fertile land
to grow crops and more people to feed

P
.

22
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Impacts of climate change
are accelerating the problem

S R

Most nutrients sidues,
are lost 7 and animal and food waste

\ b, 4 ¢

-

&
N

24



5 b|II|on tons of animal waste annuaII

Globally 1/3 food is wasted

1.3 billion tons

In US, 40 m|II|on tons/year
($161 hillion)
+ more $ to remove or compost

2/28/2024
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NOP technology can create new circular
solutions

1. NOPs azero-waste
processing IEChn0|09y for Horticultural Appllcatlons Agncultural Applications

upcycling natural organic N A
waste V~ o ey

o SAFE
Safe Fertilizers / Biogels LOW-COST Healthy Crops

Soil Amendments ZERO-WASTE

2. New farming products:
growing media, soil
amendments, and biogels

Food Waste, Animal Waste,
NURTURE Processing Facility Agricultural Waste

NOP technologles can also
reverse desertlflcatlon

26
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Harnessing the Power of Natural Polymers:

i f f Innovation Opportunities for Circular Materials
Christian Lenges
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Applying science
and creativity
for a better world

~$12.5B

©2022 Property of IFF Inc. — Confidential Information

1 out of 3

probiotic
supplements

contain
IFF Probiotics

One of the
broadest and
largest
biotechnology,
microbiome and
fermentation
capabilities in the
industry

~20%
of the global beer
volume is made with
IFF enzymes

~20%

~$2.5B

10

R&D Centers

30

Manufacturing
SICH

600+

Dedicated
Scientists

Public

NOURISH

Nourish is a leading supplier of
specialty ingredients, creating the
future of innovative food & beverage
experiences and helping people live
better, more fulfilled lives

To ‘Nourish’ is to feed with purpose;
designing better products for people
and planet

HEALTH &
BIOSCIENCES

Inspired by nature and distinguished
by its world-class bioscience and
microbiome capabilities, H&B
develops products that deliver safe,

healthy and sustainable solutions for

customers around the world

Public

~50%
of cold laundry wash
products contain
IFF enzymes

Technology
Leadership

within Enzymes,
Yeasts, Cultures,
Probiotics, Prebiotics,
Plant-Extracts

1 out of 5

baked goods are
manufactured with
our anti-staling
enzymes

~7,000
Patents and
pending applications

Strong
innovation,
manufacturing
and sales
global footprint

1 out of 3

yogurts globally
are made with
our cultures

i the fragrance and flavor

2/28/2024

SCENT

Global leader in creating and
supplying superior fragrance
experiences and cosmetic
actives for consumer product
goods and beauty brands

3 The Ingredients unit serves

internal needs and supplies to

industries

PHARMA

Creates unique functional
ingredients and solutions that
support global applications in
pharmaceutical, dietary
supplement and industrial
industries

55
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Public

ALIGNING WITH KEY GLOBAL MACRO THEMES

INNOVATION-BASED GROWTH ALIGNED
WITH KEY GLOBAL MACRO THEMES

INSIGHTS
Improving Home Empowering Wellbeing  Transforming Accelerating
& Personal Care & Healthy Lives Food Systems Climate Solutions

INSIGHT-LED
INNOVATION
GROWTH THEMES

FOUNDATIONAL
TECHNOLOGY BIOSCIENCES CHEMISTRY
LEADERSHIP

MATERIAL DATA APPLICATIONS
SCIENCE SCIENCE SCIENCE

SUSTAINABILITY iFF

Public

57

SUSTAINABLE MATERIAL TRANSITION

Factors Driving Change...

1,150 MtC

20 % Bio-based

But...

25 % CO,-based
- Assumes direct replacement...
Bio-based 8%
400 C0z-based 0.03 %
Recycling 4%
Fossil-based 88 %

of embedded carbon
g

55 % Recycling - Growing Middle Class — Up-trading

Carbon demand in million tonnes

- Regional Focus — Reconfigure Supply Chains

2020 2050

- 5
Nova Institute 2023 600 — 1000 BS Capex..

ifF

©2022 IFF. All rights reserved Public %

58
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INSPIRED BY NATURE

Public
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Polysaccharides extracted from plants are widely used to provide unique end-use applications
but are limited by processes and raw material source. Nature often produces mixtures.

Cellulose
B(1,4) linkage

oo
4 o % o
O Bsaea
Hr by ud L)
i Starch
& .
@i, a(1,4) linkage
/}:: I
1

5.5,

e
=7 ’

L,

59

Starch

Glycogen

Laine (1997) Pure & Appl. Chem. (69) 1867-1873

60

alpha (1,3) linkage
Engineered Polysaccharide

Public

Public

Complexity of

Carbohydrates “sugar code”

DNA ATG 43

Protein Met-Asp-Pro 203

Carbohydrate <-@-H [203.23.23.12]

[sugar x anomeric x ring size x linkages]

Material Properties:

HOMOPOLYSACHARIDE -
A *.*.* UNBRANCHED - solubility
200000 " — - molecular weight

iy BRANCHED - molecular weight distribution
®-0-0-8 @0
Q00O O® ..voicunx

,“'»; ' 25 BRANCHED

Enzymatic Polymerization to enable Industrial Glycomics

Public

64
8.000

> 6.000.000

ifF
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ALPHA 1,3 GLUCAN IS A NATURALLY OCCURRING
STRUCTURAL POLYSACCHARIDE

Saccharomyces Cerevisiae Hyphae
4

Dental Plague

Plague

Inflamed
gums

gl)ou Ho o=

alpha (1,3) linkage
Engineered Polysaccharide

5

Te {Q? g o

B-glucan

— .
— G-glican

——  S—

cytoplasmic
membrane

protein

« :a-1,3glucan  « : Chitin

I B-1,6-branched S : other poly-
B-1,3-glucan saccharides

Alpha 1,3 glucan is an insoluble polysaccharide used by nature to build cell walls
Typically found in fungi — e.g. saccharomyces cerevisiae (bakers yeast), truffle mushrooms etc.
Alpha 1,3 glucan is part of our diet!

Public
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INNOVATIVE BIOMATERIALS WITH TRANSFORMATIONAL IMPACT

Renewably Sourced — Biodegradable — Performance Advantaged — Ready to Scale — GHG Avoidance, Positive Life Cycle

Designed Enzymatic Biomaterials a
Performance Naturally Better -
Emé \% A
8

Laundry & Dish  Personal Care Textiles & Specialties

LN

%ﬂﬂ’_ @

Ao\
Enzymatic 0, R &
Beet & Cane Sugar Polvmerization HITEE @

Paper &  Nonwovens Industrial ~ Composites

(@ = Packaging
Biofuel Sweetener Fermentation /

DEB the UN i D Goals.
@ RSB I [ff

@

—_—

@ DE&,
&
s g1

Through its inherent circularity and low and even net
positive environmental impacts, DEB products seta new
standard for ibl ion and productis

UNSDGS,9,12,13

SUSTAINABLE iy
DEVELOPMENT g;a.ungALS

62 Public

62

31



Domain 5

Domain C

Diversity Search
Mining

Result-Knot:
Enzyme
Engineering

Production Host
Adoption

Leverage
Commercial
Strains

63

DESIGNED ENZYMATIC BIOMATERIALS ™

Public

Identify, express enzymes
Rapid assay development
Small scale predictive method development

Rapid enzyme optimization

Generative machine learning models
Directed evolution - large unique libraries
Active site architecture modulation

¢ Express enzymes in production hosts
¢ Enable commercial enzyme manufacture
*  Build on regulatory cleared & cost enabled hosts

Adopt formulation for commercial process & supply chain
Contingency to switch production hosts
Protein Design Space

Public

Public
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BIOTECHNOLOGY COMPETITIVE ADVANTAGE:
ENZYME ENGINEERING FOR DIFFERENTIATED
MATERIAL PERFORMANCE

e

Polymer
Process

Technology

\

Application
Development

Material Structure
with Unique
Performance

~

Application
Need
i Material
Sfﬂiael:crsl& Innovation

Chemistry

/

Synthetic
\\ Biology &
Data Mining
—

Molecular
Biology

/

Structure — Stability — Selectivity — Affinity - Activity

iff

Enzymatic Polymerization: From Molecular Design to Polysaccharide Architecture & Particle Morphology

Renewably Sourced — Biodegradable — Performance Advantaged — Carbon Negative — Ready to Scale

p
A

Beet & Cane Sugar

\

—

Gog

Laundry & Dish  Personal Care Textiles & Specialties

& & e

Nonwovens  Industrial

o | SR,
1 ? Q) 5 —
Polymerization

Enzymatic

Fructose Paper &

lJ (@ = Packaging

Biofuel Sweetener Fermentation

Composites

/

= Polymerization works at room temperature/pressure (low energy)

= No sugar is wasted (fructose co-product) — attractive variable cost

= Adopts readily to sugar industry to scale — fungible & sustainable feedstock

= Enzyme controls how glucose molecules are linked: tunable polymer properties

= Pure sugar for polymer grade products - natural performance materials

64

64

Public

"Il HOME CARE

”Z| NEW APPLICATIONS
K &
Industrial Partnerships
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Confidential

DEB™ represents a transformative technology platform
over a decade in the making...

First commercial
production of DEB
enzyme
Hanko, Finland

Process
development at
integrated pilot
facility

Metric ton scale

Commence first
project to scale DEB to
commercial scale
Jokionen, Finland

Program Phase
Proof of concept & validation of
process & core business model

Research & Development

U Strategic
Partnerships
Formed
Industrial Markets

US Patent 700000 granted |

Discovery Program in DuPont Central Material and

Research & Development application development
partnerships formed

« Launch of AURIST® AGC

FOLRLEN by | « Unveiling of Lyrature™
0
= 7: & + Nuvolve® Offerings for
a a Industrial Applications
® o
[} [
Yareed
Copyright © 2023 by Intemational lavors & Fragrances Inc. IFF s a Registered Trademark. All Rights Reserved i F f

65
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Confidential

DESIGNED ENZYMATIC POLYSPURCCCHARIDE MATERIAL PLATFORM:
ENABLING SUSTAINABILITY POSITION

DESIGNED ENZYMATIC BIOMATERIALS (DEB): PERFORMANCE, NATURALLY BETTER

\ I
Biobased & Biodegradable é.l
Certified End of Life Characteristics: a (,; it ~  ul
*  100% biobased material content - a~, n

N OEA

Plant sugars

home compost
industrial compost
soil biodegradability

[ \
marine biodegradability RENEWABLE ".é ’
biodegradable water (OECD 301B) CARBON IN s v

THE CIRCULARJ 5 '\
ECONOMY J 2 ,‘I)
&
OV 3 Blorefinery

s

— — Applications Designed Enzymatic
TUV & products Blomaterials (DEB)

* Depending on the industry and application-specific DEB besed product formuletion end certification requirements.

Lise | 1110 AnimFeed ()
M| 12 0 Swestenee (36%)
06t Batuel (1751
A 51 B0C02 (0N
1.1t Blomateral (31%)
nsw
Green-House-Gas Footprint
LCA assessment per ISO 14040 & 14041

Public

66
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Public

TWO COMPLEMENTARY DESIGNED
POLYSACCHARIDE MATERIAL PLATFORMS

A16 Platform: Alpha-1,6—short-chain branched polysaccharide
A

a 1,6 glucan

Water-soluble

Balance of low viscosity & high-solids
Film-forming at low functionalization
Engineered solubility profile to balance
biodegradability with film formation/deposition

A13 Platform: Alpha-1,3-linear & hyperbranched polysaccharide

OH
HO OH
o .
’ . o]
HO' /"o /
OH

HO o=

Linear, semi-crystalline & structural

Targeted molecular weight

Rheology control & Emulsion stabilization
Graft-technology to access hyperbranched systems
Particle shape design

a 1,3 glucan Morphology engineering for delivery & deposition

N

Public

Public

COMMERCIAL MILESTONES: FIRST CAPACITY INCREMENTS

Integration into biorefineries enables first commercial programs & offtake

Designed Enzymatic Polysaccharide Platform:

+ 1st Commercial scale production commissioned
7 gm0 K & ":"‘f’
e

piE

IFF site integration, Finland

Meeting critical product milestones:

» Consistent purity, quality and stability demonstrated

» Regulatory milestones achieved for commercialization
» Selected derivative technologies to enable platform

» Strategic offtake & customers

B, TS i6f

Public
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AURIST™ AGC

CONDITIONING, NATURALLY BETTER!
AURIST™ AGC: new-to-the-world, readily biodegradable,

in-cosmetics’
global

Innovation Zone
Best Ingredient
Award

AURIST" AGC

Lead Application: cationic hair conditioning biopolymer
AURIST™ AGC

has been created using IFF's Designed Enzymatic
Biopolymers (DEB) technology

©0C

Improves Easy Readily Transformational
Combability to Formulate Biodegradable science

& i f F
5 %
M s
©2023 Property of IFF Inc.
Yargnt

69

Board
Strength

Barrier in
Packaging

1

PAPER BASED
PACKAGING

& WATER
TREATMENT

Kemira |
- - B creativity maet
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HARNESSING THE POWER OF NATURAL POLYMERS:
INNOVATION OPPORTUNITIES FOR CIRCULAR MATERIALS

Critical themes for sustainable material innovation...

#0: Performance Differentiation through Innovation — through Biotechnology

#1: Bio-based — Renewable carbon

#2: Process & Sustainability Profile — Life-cycle Assessment - GHG Avoidance

#3: Bioeconomy: biomanufactur and the role of the biorefinery and sustainable feedstock/land use

#4: End of Life - Biodegradation — Recycle / Reuse

Definitions Matter — Regulations can select or de-select material / polymer classes
Natural Polymer Definition and Advocacy

Health & Biosciences i F F

©2022 IFF. All rights reserved Public n

71
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Leveraging Biopolymers for Sustainable

Home and Personal Care Solutions

ACS GCI Webinar: Harnessing the Power of Natural Polymers
February 28, 2024
Lyndsay Leal

Seek Together”
73
’ — - ; .v ’r
dol AL T 227 I
Outline
= Personal Introduction
= Overview of Home and Personal Care business unit at Dow
= Leveraging biopolymers for innovation
= Product development stories
> Rheology maodifiers for liquid and solid formats
> Natural styling polymers
> Deposition aids to enhance efficiency of rinse-off products
= Final thoughts
74

37
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~N

Ph.D., Chemistry
University of Pennsylvania

Flat iron
1x

UCARE™
Extreme Polymer

Control

-
Associate Rese

pass
5x

arch Scientist

Dow, HPC

The College of New Jersey

DAPI

/" B.S., Biology & Chemistry

Senior Chemist
Dow, HPC

~

75

Polysaccharide Technology
Segment Leader; Dow, HPC

s

Research Scientist
Dow, HPC

J

February 28, 2024 75

Value proposition and sustainable innovations

O

LOW-CARBON
FOOTPRINT AND
SUSTAINABLE
MATERIALS

+ Enabling creative
design, reduced
energy use, and
lower lifecycle costs
with DOWSIL™ and
SILASTIC™
silicones

O Enabling Cust and Consumers to Reduce their Resource Footprint

T C

€510 |
efficient, aesthetic
and durable
buildings

76

Business Value Pools

BIO-BASED AND
BIO-DEGRADABLE
MATERIALS

« Tackling
biodegradation,
carbon footprint and
resource efficiency
in personal care
and home care

r

.
En;?ﬁﬁg' thermal
management in 5G
electronics

CONNECTIVITY

Supporting
technology for 5G
ecosystem
Differentiated
portfolio enabling EV
and AV transitions,
while capturing the
momentum of
combustion engines

Using less water and
lower temperatures
in home care

emulsions for fabrics

Our Unique Capabilities

The only silicone producer with world-class siloxane plants in Europe, Asia
and North America

Sustainable silicon metal produced with best-in-class, low-emission
technologies, renewable energy and natural resources for captive use

Successful B2B digital platform accessible by customers anytime,
everywhere

An unmatched portfolio of performance enhancing silicone and specialty
materials

Market-driven and sustainable innovations to address lower-carbon footprint
and circularity goals

)

/

/ Enabling
electrification and
autonomous
vehicles

and biodegradable
personal care
innovations

water-repellant

76
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Leading R&D and one of the broadest portfolios in the industry

For sustainable and inclusive personal care solutions

Skin Cleansing

2

Hair Styling
APIDeo: Antiperspirant and Deodorant
'@@

Conditioning

77

Leading R&D and one of the broadest portfolios

&

Innovate safe,
sustainable
formulations and
processes

Respond to
global
emerging trends

Grow
digitalization/
customization

7

For sustainable home care solutions

Sustainability,
Safety & Hygiene

Care & Aesthetics

Efficacy &
Convenience

- ”vv
Qe

78

S

Innovate safe,
sustainable
formulations and
processes

®

Respond to
global
emerging
trends

Grow
digitalization/
customization

78
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Home & Personal Care Solutions for a Sustainable Future

Industry Trends Our Value Proposition Award-Winning Innovations
ACCELERATE SUSTAINABLE GROWTH
% Bio-based Investing in sensorial and safe skincare solutions

CUSTOMER-CENTRIC SERVICE

Key partnerships with industry leaders as well as offering
More with less: improved technology access to upcoming brands
efficiency, compacted formats

EB=

@ INCLUSION FOR ALL
Designing with human diversity at the heart of new

application technology — skin tones and hair types
G Biodegradable

Focus on sourcing certified | Driving formulation efficacy by reducing the Excellent for pleasing aesthetics and consumer
biomaterials quantity of actives (up to 50%) experiences

Cellulose Dextran

Using a variety of polysaccharide backbones, unique performance properties can be achieved. Anionic derivati
for dispersants and rheology modifiers, cationic derivatives for care & deposition, and nonionic rheology modifiers.

80

40
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Polysaccharide Design

lonic functionalization allows for stronger
interaction and retention on surfaces

Additional substitutions for physical

Optional alkoxylation; modification e AT R

in solubility, interactions with

o
surfactants and solvents N °
. \/\0/\/\
0,
o
Ho . o—_ OH
He HO
| J
’ " PET Backbone modification to access

Polysaccharide selection for modification in i iati e . RO

physical properties and stability Molecular weight variations variations in hydrophobicity, film

formation, etc.

81

81

L)

Product Development Stories

Rheology modifiers for liquid Natural styling polymers Deposition aids to enhance
and solid formats N efficiency of rinse-off products
on =
OH . i © °
T A Ho o ‘:o 2 ° "o
HO © o) oH o on HO
OH i o
OH

Hair stands

Fixative deposition

Fixative wicking

Fixative coating and
drying

82

82
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Rheology modifiers for liquid

and solid formats

Product Development Stories

2/28/2024

Working hypothesis — structuring with Supracare 780
Addition of a structurant helps to make the bar lasting longer and with improved use characteristics

Lo

H1

Initial phase of the bar:
High volumes of Liquid
crystal phase. Lamellar

structure.
L,>H1

H1

Ly H1 + Micellar

+ Sodium
Silicate

_

Structurant
(SupraCare™:
780 Additive)

Shrinkage of L, phase.
Hexagonal liquid crystal +Micellar
Soft/Soggy bar.

L, < H1 + Micellar

High volumes of Liquid crystal

phase

Lamellar structure returns

Brittle bar,
Lo> H1

Structured bar

Presence of both Lamellar and "%

Hexagonal liquid crystal phase
With interpenetrating polymer
networks

L, “H1

L, = Lamellar liquid crystal phase

H1= Hexagonal liquid crystal phase

42
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2 Fo ’
dol A T 27 I
Water content as a function of storage time
SupraCare™ 780 Additive enables high water structuring and retention

SupraCare™ 780 Additive helps
to bind more water while
maintaing the bar characteristics.

Water content in Soap bars

Lower TFM can translate into
reduced formulation cost.

57%
25
151%
20
SupraCare'™ 780 Additive helps
1 to retain more moisture content
5 in the soap bar as a function of

o .
storage time

% Water content
&

Initial water content Water content after 1 year

m Control m Dow formulation with 0.5% Supracare 780

@1 85

85

Lol NGAT T I
Avoiding soap bar cracking
SupraCare™ 780 Additive acts as a structurant leaving the bars smooth and without cracks

control bar bar with SupraCare™ 780 Additive

original bars before usage

same bars after usage
cracking no visual cracking, smooth bars

@-‘ 86

86
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Product Development Stories

OH
OH
A Ho o
o .
HO 0
oH
OH

-~

\

87

WA VA '

Natural styling polymers

oH

Hair stands

Fixative deposition

Fixative wicking

Fixative coating and
drying

87

Creating MaizeCare™ Polymers

Natural Inputs

GMO

Corn-based
ingredient

T

Natural Origin Content
ISO 16128

88

Patented Mechanical &

) MaizeCare™ Polymers
Thermal Transformation

)

RAW MATERIAL

[E:

Delivers various
styling benefits

Supports market
demand for natural &
clear formulations

88
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NEREA  RRED A D ———
( \ ks :

Styling Gel Formulation

Performance data — Clarity

MaizeCare™™ Clarity Polymer gives excellent clarity in hair gel formulas that is superior to

other natural hair fixatives and comparable to PVP.

. . Comparative styling MaizeCare™ Polymers
Commercial hair gels . . -
polymers in test formula in test formula

250

200

150

Turbidity (NTU)

100

89

89

FERVA 'RTE: 7 LUDN—
Styling Gel Formulation
Performance data — High Humidity Curl Retention - 25°C/80%RH

MaizeCare'™ Clarity Polymer exhibits superior hu ty resistance compared to

100

<}
I
a
90 @
=
8o =
~
87 -
<
£ 60 N
g 5
=)
= £
g 50 <
&
= 40
=
20
10
o i : . ™ . ™ Testing details:
Commercial Commercial 5% PVP 1% MaizeCare = 5% MaizeCare 0.3 grams (or 0.3mL) of product on 3 grams of virgin medium brown hair
benchmark #1  benchmark #2 Clarity Polymer  Clarity Polymer 5wt% Hair fixative Polymer in base hair gel formula

Data collected: Omin, 30min, 2hr, 4hr, 6hr and 24hr
@ Test conditions: 25°C / 80%RH

90

90
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Product Development Stories

Deposition aids to enhance
efficiency of rinse-off products

91

DEXCARE"™ CD-1 Polymer
The natural path

Bioderived from sugar | Extracted leveraging ! Easy to use:  Highly effective deposition
advanced Liquid format i aid in shampoo and body
 biofermentation process | wash formulations

92
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A

Reduced friction and enhanced combability
Comparison with Cationic Guar at two silicone use levels

DEXCARE™ CD-1 Polymer provides similar friction and enhanced combing using
half the silicone level as cationic guar.

Treatment: 0.4 g/ g hair virgin

08 A 0.250 brown hair tresses
a = DEXCARE™ CD-1 Polymer:
07 "Dy mwet Care & Extra Combing
Shampoo (CPF 4578)
0.200
06 = Cationic Guar: 0.3 wt.% in CPF
4578
05 o150 = Control: CPF 4578 without
% deposition aid polymer
S o4 g (% Si) indicates the silicone use
level
03 B o100 A ¢ Cationic Guar: Guar
c hydroxypropyltrimonium chloride
02 C COF: coefficient of friction, ACL:
D 0.050 average combing load
01 C Measured using Diastron (left),
Instron tensile tester (right)
0 0.000 Statistics: Different letters show
Control IDEXCARE™ CD-1f Cationic Guar DEXCARE™ CD-1  Cationic Guar Control [DEXCARE™ CD-1 Cationic Guar DEXCARE™ CD-1 Cationic Guar 0,
(1% Si) Polymer (0.5% Si) Polymer (2% Si) (2% Si) Polymer (0.5% Si) Polymer (2% Si) a statistical difference at 95%
(0.5% Si) (1% Si) (0.5% Si) (1% Si) confidence

30 93

93
®
Please contact me for further discussion and questions
at Imleal@dow.com or find me on LinkedIn!
94
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&AIS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!

95
Natural Polymers Consortium (NPC) ACS cci
Natural Polymers Consortium
A pre-competitive partnership with industry leaders
to explore the utilization of natural polymers to
accelerate the development of more sustainable
functional materials.
1. Examining how different natural polymers can
provide more sustainable functional
replacements of incumbent commercial materials.
2. Accelerating industrial innovation by partnering with
researchers in academia and government, while www.acs.org/npc
providing financial research support. For more information please contact:
3. ldentifying and prioritizing industry-relevant Isamir Martinez (i martinez@acs.org)
innovation gaps that can be used to encourage
relevant fundamental research. Edmond Lam (e_lam@acs.org)
96
96
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ACS ACS Webinars

www.acs.org/acswebinars
W Chemlstry fOI' l_ife(D CLICK - WATCH - LEARN -

Pl % e SN

Thursday, February 29, 2024| 2-3:15pm ET Thursday, March 7, 2024| 2-3pm ET Wednesday, March 13, 2024| 11am-12:30pm ET

Sustainable Biomanufacturing at Scale The Art of Self-Reinvention Fungal Foes: Understanding the Challenges

and Exploring New Treatment Options
Co-produced with the ACS Committee on Science Co-produced with the ACS Women Chemists Committee

Co-produced with the ACS Publications

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars

97

ACS

W Chemistry for Life® www.acs.org/membership
emistry for Life

BECAUSE PEOPLE
LIKE YOU CREATE [ stists
GREAT CHEMISTRY [ o

H Regular Members
You belong here $160  Resuiar members & socery 80 e
Alfans s40 Recent Graduates* @

Join ACS Renew Membership s80 Recent Graduates* @

s55 Graduate Students

Standard Basic

Undergraduate Students

Have a Different Question? 25
Contact Membership Services
s80 Retired

s0 Emeritus

Toll Free in the US: 1-800-333-9511
International: +1-614-447-3776

service@acs.org

98
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ACS
v Chemistry for Life®

www.acs.org/acswebinars

ACS Webinars

CLCK + WATCH « LEARN - DISCUSS

Learn from the best and brightest minds in chemistry!
Hundreds of webinars on a wide range of topics relevant to

chemistry professionals at all stages of their careers, presented

by top experts in the chemical sciences and enterprise.

° Edited Recordings

~s———  are an exclusive benefit for ACS Members with the
Premium Package and can be accessed in the
Zi ACS Webinars® Library at www.acs.org/acswebinars

Live Broadcasts

of ACS Webinars® continue to be available free to
the general public several times a week generally
from 2-3pm ET. Visit www.acs.org/acswebinars to
register* for upcoming webinars.

*Requires FREE ACS ID
99

99

ACS
W Chemistry for Life®

www.acs.org/acswebinars

@ ACS Webinars

CUCK + WATCH » LEARN » DISCUSS,

ACS Webinars® does not endorse any
products or services. The views expressed in
this presentation are those of the presenter
and do not necessarily reflect the views or
policies of the American Chemical Society.

Contact ACS Webinars® at acswebinars@acs.org

100

100
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