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Where is the Webinar Recording?

ACS Members w/Premium Package

All Registrants

Watch the unedited recording
linked in the Thank You Email
for 24 hours.

Visit the ACS Webinars® Library
to watch the edited and
captioned recording.
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Check out Tiny Matters, from the American Chemical Society.

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
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A Career Planning Tool For Chemical Scientists Y cremistryforLife”

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 !
7
Career Consultant Directory W Chemistry for Life®
Find a Career Consultant
Academia Government Industry
W -
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 8
8
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CHEMISTRY BIOLOGY & HEALTH

GREEN CHEMISTRY

MATERIALS & NANO

EDUCATION & SCIENCE COMMUNICATIONS

Atlantic Basin Conference

on Chemistry

REGISTER TODAY

Linking the World through Chemistry ABCChemorg

13-16 DECEMBER 2022 | MARRAKECH, MOROCCO

HOTEL: MOVENPICK HOTEL MANSOUR EDDAHBI MARRAKECH
CONVENTION CENTER: PALAIS DES CONGRES MARRAKECH

ABCChem.org #ABCChem2022

ACS
W Chemistry for Life®

https://www.acs.org/content/acs/en/careers/personal-career-consulting.html

https://www.acs.org/content/acs/en/careers/developing-growing-in-your-career.html ©
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ACS Career Resources
Register for a 2022 Virtual Office Hour
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ACS Bridge Program \.: 4 A

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.orqg

1

Get in touch with the Office of Diversity,
Equity, Inclusion & Respect

The Office of Diversity, Equity, Inclusion & Respect (DEIR)
is the central hub at the American Chemical Society that
coordinates, supports, and guides all efforts by staff,
members, and governance toward Strategic Goal 5,
“Embrace and Advance Inclusion in Chemistry.” The Office
of DEIR at ACS is committed to empowering everyone,
irrespective of lived experience and intersectionality of
identities, to fully participate in the chemistry enterprise.
The Office of DEIR welcomes comments, suggestions,
and questions around issues of diversity, equity, inclusion,
and respect from members at any time. Please do not
hesitate to reach out to the Office through this form.

Please do not hesitate to reach out to the Office of
DEIR at diversity@acs.org

https://fs7.formsite.com/acsdiversity/ACSMemberFeedback/index.html
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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!”

i GIVE TO THE
A ~¢& SCHOLARS
g I~ \ - -
| /
> Donate today at www.donate.acs.org/scholars
13
ACS Committee on Science (comsci) W Chemistry for Life®
Science &
“The ACS Committee on Science aims to L, 1€ChNOIOGY
engage the global chemistry enterprise to
build a better tomorrow by identifying new
frontiers of chemistry, examining the Policy Awards
scientific basis of, and formulate public
policies related to, the chemical sciences, and
recognizing outstanding chemical scientists.”
Communications
https://www.acs.org/content/acs/en/about/governance/committees/science.html ”
14
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CLICK - WATCH - LEARN -

NEXT WEEK! |, -\ ’ NEXT WEEK!

2 ‘1 T
L %—»

Wed., Aug. 17, 2022 | 2:00pm-3:00pm ET

Catalizadores de la Reduccion de
CO, con Gran Promesa

Co-produced with the Sociedad Quimica de México

Thurs., Aug. 18, 2022 | 2:00pm-3:00pm ET

An Evolutionary Mystery: Mirror
Asymmetry in Life and in Space

Co-produced with the Astrochemistry Subdivision of the Co-produced with the Astrochemistry Subdivision of the
American Chemical Society American Chemical Society

Wed., Aug. 31, 2022 | 2:00pm-3:15pm ET

How We Study Molecules in Space

Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars
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I\
THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!

17

ACS [PDF) Dpwnload the Presentation b- -
Slides Under the Handout
W Chemistry for Life® © i GoToetinar anel ACS Weg .Ipa 5

www.acs.org/acswebinars

RYAN LIVELY, PhD Mark Mascal, PhD ADELINA VOUTCHKOVA-KOSTAL, PhD

Assistant Professor, Professor of Chemistry, Director of Sustainable
Georgia Institute of Technology University of California Davis Development, ACS

This ACS Webinar® is co-produced with ACS Committee on Science and the ACS Office of Sustainable Development

18
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The Refinery of Today, Tomorrow, and the Future‘_,,/""r

Ryan P. Lively
August 2022
ACS Webinar

4
J

Gr Georgia
Tech.

19

Climate change and carbon emission scenarios

180 4
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140 4

Baseline: +4.1-4.8°C

120 4
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80

{-‘Current policies: 2.7-3.1°C

1.5°C Target

60

40

20

Global Greenhouse Gas Emissions (GtCO,e/yr)

Gr Georgia
Tech
Climate Action Tracker, September 2020

20
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4 égstsryforufe" ACS Webinars

CLCK + WATEH - LEARN - DISC

Audience Survey Question

ANSWER THE QUESTION ON THE INTERACTIVE SCREEN IN ONE MOMENT

Will we the use of hydrocarbons be by 2050?

*  We will use less hydrocarbons than we do today

*  We will use about the same amount

*  We will use more than we do today

* If your answer differs greatly from the choices above tell us in the chat!

21

21

Speculation: population growth in developing regions will more than offset growth in renewables

Primary energy consumption by energy source, world  Share of primary energy consumption by source, world

quadrillion British thermal units percentage . L
100% history projections
300 history ! projections petroleum
and other 90% renewables
250 liquids
renewables 80%
70%
200 natural gas 1
60% coa
coal °
150 50% petroleum
40% and other
100 liquids'
30%
0
50 20% natural gas
- nuclear 10%
0 0% nuclear
2010 2020 2030 2040 2050 2020 2050

7 Includes biofuels
2 Electricity generation from renewable sources is converted to Btu at a rate of 8,124 Btu/kWh

The future may require more hydrocarbons, not less!
...but with significantly reduced carbon emissions...

Georgia
Gl" Tech

U.S. Energy Information Administration, International Energy Outlook 2021 22

22
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The Refinery of Today, Tomorrow, and the Future:
Producing more fuels, chemicals, and plastics with dramatically fower CO, emissions

The three low-carbon archetypes:

\

Carbon-constrained fossil refinery Biorefinery e-refinery
’ lExcesse

b & w
# U e ﬂ-bi o i i
S 1%

i
g /

O co, . Co,

Speculation: existing capital equipment, permitting, zoning, and regulations provides strong
driving force to evolve existing systems and switch the fuel source

Georgia
Tech
23

23

Speculation: refinery flowsheet will reconfigure during enerqgy transition
CO,-laden flue gas

Gas processing

Crude Qil

Fluidized Catalytic Cracker

Crude Distillation Unit

Vacuum Distillation Unit o

Hydrocracker GI‘ greoagia
ec

24
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Speculation: advanced separations will play a critical role in future refineries

+ CO, removal from air

RP Lively, AIChE J 2021

25

Membranes play a key role in the energy transition

Modular membrane systems can reduce carbon/energy intensity of existing manufacturing paradigms and enable futuristic
manufacturing platforms!

Current industries I
\

Slipstream

Future industries?

Most current and future chemicals, fuels, and commodities involve the separation of “small” molecules < 300 Da

&
&

— Real mixtures are often concentrated liquids and are complex

Georgia
& GI‘ Tec:hg

13
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Membrane fundamentals

N; < Ap,£71 N; o< ACT™, 1
Filtration; separation based on sterics + Permeation; IP; = D; - S;, separation based on
interaction with membrane surface sorption into membrane bulk and guest diffusivity
P. Marchetti, Chem. Rev. 2014, 114(21), 10735-10806 27

27

Examples of emerging separations technologies: crude oil fractionation

Crude oil fractionation: ~0.5-1% global energy consumption

4~ - i
-{c\. Mem bri':me assisted

'HTHAS
GASOLINE

M 30T KEROSENES
KEROSENE
FOR HOME
HEATERS,
JET FUEL

— GAS OILS
DIESEL FUEL

CRUDE OILIS N —» LUBRICANTS
FIRST SENT TO Rs <ALl MOTOR OIL
A FURNACE

~—» FUEL OIL
FUEL FOR
SHIPS,

CANDLES

ASPHALT
ROAD TAR

Gr Georgia
Tech.

Energy and carbon intensity reductions by 1.5-2x! BOTTLED AND NATURAL GAS

28
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Membrane-based fractionation of complex mixtures

Membrane design challenges

» Stability in the presence of aggressive feeds
» Balance between productivity and efficiency

» Scalability
Torlon PIM-1
Size-based o o '“
separation o i ) DWNO-} o
e.g., aromatics < P);:@)LH ’ "n ) Oo
ﬁ o Me" e
Class-based

separation | O
e.g., aliphatics, ‘ MeO
cyclic aliphatics oo O.Q ue
Class-based W
separation |l J[" O'O ove
OMe

SBAD-1
B.A. McCool et al. US20190367820A1, 2019 KA Thompson et al. Science, 2020, 369, 310-315
29
Relating polymer structure to membrane microstructure to guest transport
Kim Jelfs
PIM-1 SBAD-4 SBAD-3 SBAD-2 SBAD-1
Isolated pore (accessible via chain motions) Andrew
Livingston
0.6
— SBAD-1
—— SBAD-2
05 —— SBAD-3 100 5 ©
> —— SBAD-4 SBAD-1
B 04 P-1 = 804 i SBAD-2
I3 = s
20 g 601  sBAD4
%oz | ':,—’ 40 4 I SBAD-3
x o
0.1 E 20
. Bl ", ]2z 50 bar
o 2 4 Caiity sizeB(A) 10 12 14 01 1' 1'0
KA Thompson et al. Science, 2020, 369, 310-315 Permeance (L-m™-h'-bar)
30
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Complex mixture separations in action — real mixtures

L] 2
light E lighter —_ — Feed —1 Permeate — Retentate
crude feed permeate ._ .
2
= B
O ; 5 10+
Mo NN >
\‘ !I ;

Aromatics 0

T 1 T T T
0 200 400 600
Boiling Point (°C)

Ex¢onMobil

KA Thompson et al. Science, 2020, 369, 310-315 \@
31

Review and Final Thoughts

+ Existing refineries may “retool” to incorporate electrically-driven processes, bio-based feedstocks, and
advanced separations

* Some “e-refinery” pilots are being constructed = - "

e-refinery
F(CGSS e t &
o Jili- "
Iy ([{ove

Haru @ni:. 130,000 L/yr of gasoline

* Membranes have the potential to enable more efficient refining processes (chemical, petro, bio, e-, ...)

+ |dentification of key win-win separations within the various refining processes (>100) remains a
challenge

+ How do we rapidly transition these new concepts out of the lab and into the field?

VIA Compact é
Academia/NL SEPARATIONS 0 S Im % z}"i:::::“e ZWITTERCO

Membrane ' End user/ Many opportunities and challenges await in separations science &
manufacturing application . .
engineering!

32
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Key observations from successful membrane demonstrations

Make-up Solvent

oil
Wax Rotary drum filter
Wax
* 20% reduction in process energy intensity
* 20,000 tons/year reduction in GHG emissions
90-95% of ail * Reduced VOC emissions by 125 tons/year
~45% MEK mg;db:gne + Reduced water usage by 4 million gal/day
~35°2/B;0|(l:.l)ﬁne oil Payback period <1 year; >600 days continuous operation
7 membrane
GRACE Ex¢onMobil Georgia
Talent | Technology | Trust™ TeCh

RM Gould et al., Environmental Prog. 2004, 20(1), 12-16
34

Pilot applications for membranes in chemical and petrochemical plants

1 Gas processing

Crude Qil

Stand-alone membrane process

A
CO,, CH,, H,S, etc... 5 -
AB - T
Georgla ! ) § a-dhl
TECh Carbon molecular sieve me
B AirLiquide
Koros et al. Ind. Eng. Chem. Res. 2017, 56(37), 10482-10490 Lima Touma et al., Offshore Tech. Conf. 2019, OTC-29913-MS

35
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The Story of 5-(Chloromethyl)furfural (CMF)

Mark Mascal
UC Davis

40

What is Chemistry’s response to the climate crisis ?

DEPARTMENT or CHEMISTRY 41
Graduate Program in Chemistry and Chemical Biology

41

18
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Context: Green Chemistry, then and now

Fewer hazards, less waste

VS

6. Design for Energy Efficiency

7. Use of Renewable Feedstocks

energy transportation materials

I N S

wind biomass
solar
nuclear
geothermal
hydroelectric

DEPARTMENT or CHEMISTRY 43
Graduate Program in Chemistry and Chemical Biology

43

19
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Biomass processing

biomass
fermentative thermal chemocatalytic
slow complex mixtures fast
expensive upgrading/processing required inexpensive

<100% carbon utilization <100% carbon utilization (char) 100% carbon utilization

DEPARTMENT of CHEMISTRY 44
Graduate Program in Chemistry and Chemical Biology

44

Chevron

.

2006 UC Davis - Chevron

Joint Research Agreement

Biofuels Research: $25 million/5 years

DEPARTMENT or CHEMISTRY 45
Graduate Program in Chemistry and Chemical Biology

45

20



hemistry and Chemical Biology

My Chevron Project

aq. HBr

8/12/2022

DEPARTMENT or CHEMISTRY
Graduate Program in Chemistry and Chemical Biology

47

H.]. H. Fenton, M. Gostling, J. Chem. Soc. Trans. 1899, 75, 423

XLL—Bromomethyl furfuraldelyde.

By Hexry J. Horstaan Fexrow, M A, and Miss MiLprED GosTLING,
B.Sc., Bathurst Student of Newnham College,

IN a previous communication (Trans., 1808, 73, 554), it was shown
by the present authors that certain carbohydrates, when treated
with hydrogen bromide in ethereal solution, give an intense and
beautiful purple colour. It was suggested that the reaction would
probably be of service in distinguishing certain typical classes of
carbohydrates, and that it might be employed for the detection of
these in natural products.

The examination of a considerable number of carbohydrates of
various classes led to the following generalisations.

1.—With ketohexoses (levulose, sorbose), the purple colour appears
after a few minutes, and becomes very intense in about one hour;
and substances which, by hydrolysis, are capable of giving rise to
these compounds (cane sugar, inulin) give a similar effect, only rather
more slowly, the maximum colour being attained in about two hours,

2.—Hexaldoses (dextrose, galactose), and substances capable of
giving rise to them (milk sugar, maltose, dextrin), show, in the firat
instance, various shades of yellow, brown, or red, and it is only
after long standing that a purple colour is apparent. This colour,
however, never approaches in brilliancy or intensity that obtained
with substances mentioned in 1.

21
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5-(Chloromethyl)furfural (CMF)

sugars q HCI / solvent
cellulose M
. 1 -3 h, 80-100 °C

raw biomass

(80+%) (5-10%)

- CMF is a stable, low-melting solid (mp 37-38 °C)
- functional equivalent of and interconvertible with HMF
- product isolation a simple matter of evaporating solvent

- flow systems reduce reaction time to minutes

M. Mascal, E.B. Nikitin, Angew. Chem. Int. Ed. 2008, 47, 7924
M. Mascal, E.B Nikitin, ChemSusChem 2009, 2, 859

M. Mascal, US Patent 2010, 7,829,732

Review: M. Mascal, ACS Sustainable Chem. Eng. 2019, 7, 5588

DEPARTMENT of CHEMISTRY 48
Graduate Program in Chemistry and Chemical Biology

48

CMF reactivity

O C-electrophile
O C-nucleophile

o O
0} 26 (0}
H \ Ccl —— H \
CMF “
[N 0 =

H. Miao, N. Shevchenko, A. L. Otsuki, M. Mascal, ChemSusChem 2021, 14,303
H. Miao, H. Ling, N. Shevchenko, M. Mascal, Organometallics 2021, 40, in press

DEPARTMENT or CHEMISTRY 49
Graduate Program in Chemistry and Chemical Biology

49
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CMF as a platform molecule

8/12/2022
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Fuels: Cellulosic gasoline 1

|

o) (o)

)WOH K10, 160 °C oﬁ/ K,CO3, 70 °C OO, 0
I 92% / 94% =
LA AL ALD

88%

M. Mascal, S. Dutta, . Gandarias, Angew. Chem. Int. Ed. 2014, 53, 1885

I-Re0,/Si0, ‘ 220 °C, 9 (7) H,

F. Chang, S. Dutta, M. Mascal, ChemCatChem 2017, 9, 2622

DEPARTMENT of CHEMISTRY 52
Graduate Program in Chemistry and Chemical Biology

52

Fuels: Cellulosic gasoline 2

PTSA
)J\/\rr ; Y\/\* _hexane é/”\
Kolbe H, (5 atm)

Pd/C, 80 C
major minor

Al(OTf); | Hap, AP
Pd/C | 220 °C

sales
d@

L. Wu, M. Mascal, T. ]. Farmer, S. Perocheau Arnaud, M.-A. Wong Chang, ChemSusChem 2017, 10, 166

DEPARTMENT or CHEMISTRY 53
Graduate Program in Chemistry and Chemical Biology

53
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Fuels: Cellulosic gasoline 3

(e}
OEt
RON =101
(o}

NaOEt, Na,SO,, EtOH _H,0
-2C0; oH 2, RON =91

[o}
EtO. Pd-Al,0. - CO.
OEt _PaALYs 2
o) Hz 320 °C - H0
0

HO. —H0
_2H, — RON =92

—
\/\ﬁﬂ ~2H,0 /ﬁ/ RON =385

Z.Li, A. L. Otsuki, M. Mascal, Green Chemistry, 2018, 20, 3804

8/12/2022

DEPARTMENT of CHEMISTRY 54
Graduate Program in Chemistry and Chemical Biology

54

Fuels: Aromatics and oxygenates

BuQ OBu

\/ Pd/C

H, l cat. (RON 119, bp 93 °C)

~
DMTHF
(RON 82, bp 91 °C)

S. Dutta, M. Mascal, ChemSusChem 2014, 7, 3028

DEPARTMENT or CHEMISTRY 55
Graduate Program in Chemistry and Chemical Biology

55
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The CMF chemical family tree

Furan fatty acids (antiatherosclerotic)

dyes \ ‘ / acetals

Zantac (anti-ulcer)

$-aminolevulinic acid
(photodynamic therapy drug) / ‘ \

Friedel-Crafts products

Prothrin (insecticide) macrocycles

DEPARTMENT of CHEMISTRY 56
Graduate Program in Chemistry and Chemical Biology

56

Biobased synthetic dyes from CMF

Diacetate
o._0
7 Cotton

angelica lactone Nylon m“m“m

o Polyester
OH
o] Polyacrylic
levulinic acid
Silk
Viscose
Wool

J. Saska, Z. Li, A. L. Otsuki, J. Wei, J. C. Fettinger, M. Mascal Angew. Chem. Int. Ed. 2019, 58,17293

DEPARTMENT or CHEMISTRY 57
Graduate Program in Chemistry and Chemical Biology

57
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The CMF monomer family tree

i o
Ho)i\/\rrOH )WOH = o
o o d
or l
HO\/\rroH l
o
or

58
The Meeting
September 6, 2010
59

27
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Monomers: terephthalic acid

H
o) co,
(o) Hy O. H,C=CH, [O]
H \ /) Cl ——» \ / —_— —_—
Pd/C cat.
CO,H

BRIGIN Nestlé #pepsico

60
Monomers: terephthalic acid
Origin Materials (ORGN)
market cap >$1B
Origin 1
61

28
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Monomers: terephthalic acid

8004 Decarbonizing Platform
] Technology
Hammona: & Ricayune
Baton Rouge = Cavington
2 s
ﬁ Py ilie i
' . Enab
% abnzales Gl : e
& o New Orleans
G} 0
{0} Thibodaux 3
i ] Enormous TAM
BayolVista= aMorgan City
Houma
3 Port Sa;ipn ~ "
ez 5 $1+ Trillion
Grand Isle 4390 Jin

Origin 2 - Geismar, LA
Construction start 2023, commissioning mid-2025

DEPARTMENT or CHEMISTRY 62
Graduate Program in Chemistry and Chemical Biology

62

EPA Green Chemistry Challenge Award

2022 Green
Chemistry

Challenge
Winner

DEPARTMENT or CHEMISTRY 63
Graduate Program in Chemistry and Chemical Biology

63
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Monomers: succinic, 3-HPA, and bio-acrylic acid

(o]

OH
wo? Sy

o

H,0, succinic acid
i i o 0 acidic conditions
o 1] o H50, A on
HO OH <~—— H o —=
\ \ / - HCI

°© basic conditi
FDCA - HCO,H o asic conditions
levulinic acid H,0,

90%

HO\/\[rOH

o
3-hydroxypropanoic acid

&‘3 Biofine

Technology [
ArOH

o

acrylic acid
L. Wu; S. Dutta; M. Mascal ChemSusChem 2015, 8, 1167

S. Dutta, L. Wu, M. Mascal, Green Chem. 2015, 17,2335
S. Dutta, L. Wu, M. Mascal, Green Chem., 2015, 17,3737

DEPARTMENT or CHEMISTRY 64
Graduate Program in Chemistry and Chemical Biology

64

Other CMF commercialization

Mercurius — Australia — cellulosic jet fuel
XF — Albuquerque, New Mexico — 408™ fuel additives

Furanica — Davis, California — furan fatty acids

..:r)ngchnologies F‘Ujl"d n ica

DEPARTMENT or CHEMISTRY 65
Graduate Program in Chemistry and Chemical Biology

65
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!
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CLICK ~ WATCH - LEARN - DISCUSS

NEXT WEEK!

NEXT WEEK! . -\’ y

.éo‘ %

Wed., Aug. 17, 2022 | 2:00pm-3:00pm ET

Thurs., Aug. 18, 2022 | 2:00pm-3:00pm ET

Wed., Aug. 31, 2022 | 2:00pm-3:15pm ET
Catalizadores de la Reduccion de

CO, con Gran Promesa

Co-produced with the Sociedad Quimica de México

An Evolutionary Mystery: Mirror How We Study Molecules in Space
Asymmetry in Life and in Space

Co-produced with the Astrochemistry Subdivision of the

Co-produced with the Astrochemistry Subdivision of the
American Chemical Society

American Chemical Society

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