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Questions or
Comments?

“Why am I muted?” 
Don’t worry. Everyone is 
muted except the Presenter 
and the Host. Thank you 
and enjoy the show.

Type them into the
questions box!

www.acs.org/acswebinars
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Chat
Announcements and

hyperlinks from our team
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www.acs.org/acswebinars
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linkedin.com/company/
american-chemical-society@amerchemsociety@AmericanChemicalSociety@AmerChemSociety

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.

Contact ACS Webinars® at acswebinars@acs.org

www.acs.org/acswebinars
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Where is the Webinar Recording?

All Registrants
Watch the unedited recording 
linked in the Thank You Email 

for 24 hours.

www.acs.org/acswebinars

ACS Members w/Premium Package

Visit the ACS Webinars® Library 
to watch the edited and 

captioned recording.
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mailto:acswebinars@acs.org
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4/17/2023

3

5https://chemidp.acs.org

A Career Planning Tool For Chemical Scientists

ChemIDP 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.

6www.acs.org/careerconsulting

Career Consultant Directory

• 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!
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https://chemidp.acs.org/
http://www.acs.org/careerconsulting
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APPLY Today! 

www.acs.org/industryworkshop

8

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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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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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!

Are you thinking of Grad School?

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

Email us at bridge@acs.org
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http://www.acs.org/bridge
mailto:bridge@acs.org
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ACS OFFICE OF DEIR
Advancing ACS' Core Value of Diversity, Equity, 

Inclusion and Respect

Resources

https://www.acs.org/content/acs/en/about/diversity.html

https://www.youtube.com/c/ACSReactions/videos 12
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https://www.acs.org/content/acs/en/about/diversity.html
https://www.youtube.com/c/ACSReactions/videos
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cen.acs.org/sections/stereo-chemistry-podcast.html 14
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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

16
Creating Your Title, Abstract, 

and Table of Contents Graphic

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

acsoncampus.acs.org

15
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Register for an ACS Institute course to gain new 
skills and excel in your career!

ACS Institute courses not only 

give you the tools you need to 

stay on top of new technology 

and growing trends in the 

science industry but also the 

professional development skills 

to advance in your career.

Each course is developed and 

reviewed by subject matter 

experts to bring you the high-

quality instruction you've come 

to expect from ACS.

ACS member and early bird 

discounts are available. 

Explore online live, in-person and on-demand courses at institute.acs.org

18

Advancing ACS' Core Value of Diversity, Equity, 

Inclusion and Respect

https://www.acs.org/diversity

17

18

https://www.acs.org/diversity
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Register Now! www.gcande.org

Expanding Access with GC&E Virtual Registration Scholarships

Scholarships are available for students, postdocs, and faculty who would not otherwise be able to attend the 

GC&E Conference, and who currently attend, work for, or are part of:

1. A Minority Serving Institution, (e.g., HBCUs, TCUs, PBIs, HSIs, AANAPISIs, NASNTIs, or AANHs – see list)

2. An institution in a country classified by the Word Bank as lower-middle-income or is in Central/South 

America or the Caribbean

3. An International ACS Student Chapter

4. A high school/secondary school

Accepted scholars will receive free access to attend the live virtual conference taking place June 13-15, 2023, 

in Pacific Daylight Time (GMT -8). Scholars may also present virtually if they are accepted into the program 

during abstract submission. 

Register Now! www.gcande.org

19
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American Chemical Society 2121

Science

Advance research, 
scholarship and 
innovation in green 
and sustainable 
chemistry and 
engineering

Education

Enable the 
implementation of 
green chemistry and 
engineering across 
the education sector

Industry

Accelerate the 
industrial adoption of 
green and 
sustainable 
chemistry and 
engineering

Equity

Facilitate equity in 
the adoption of 
green chemistry, 
engineering, and 
sustainability 
practices worldwide

Strategic Areas

ACS Green Chemistry Institute

https://www.acs.org/greenchemistry

Vision

A sustainable future facilitated 

by the transforming power of 

chemistry and engineering. 

Mission

To catalyze the implementation of 

innovative approaches to chemistry and 

engineering that enable sustainable 

development across the globe.

Empowering people to reimagine chemistry and engineering 

for a sustainable future.

American Chemical Society 22

SUMMITS: MOBILIZE CHEMISTS 
TO CONTRIBUTE TO SDG’S

GREEN AND SUSTAINABLE 
CHEMISTRY PLATFORM

SUSTAINABLE CHEMISTRY 
GRANTS PROGRAM

ACS Campaign for a Sustainable Future

www.acs.org/sustainability

21
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Register for Free Browse the Upcoming Schedule at www.acs.org/acswebinars

Co-produced with ACS Office of Career and Professional Education

Cannabinoids: Stumbling Through 
Challenging Separations (Rebroadcast)

Thursday, April 20, 2023 | 2-3pm ET

Co-produced with the Sociedad Quimica de Mexico

Factores de Transcripción y la 
Decodificación del Genoma

Wednesday, April 26, 2023 | 2-3pm ET

Co-produced with ACS Publications and the ACS Division of 
Medicinal Chemistry

The Chemistry of the 
Human Microbiome

Thursday, April 27, 2023 | 2-3:15pm ET

23

24

http://www.acs.org/acswebinars
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THIS ACS WEBINAR® 

WILL BEGIN SHORTLY…

🖐 Say hello in the 
questions window!

www.acs.org/acswebinars

www.acs.org/acswebinars

26

This ACS Webinar ® is co-produced with Chemists Celebrate Earth Week, the ACS Green Chemistry Institute, and ACS Publications.

JULIE ZIMMERMAN, PhD

Senior Associate Dean of Academic Affairs, 
Professor of Green Engineering, Assistant Director 

for Research at Center for Green Chemistry and 
Green Engineering, Yale University 

Towards an Integrated Algae Biorefinery: Extraction, 
Fractionation, Purification, and Transformations in Green Solvents

ADELINA VOUTCHKOVA-
KOSTAL, PhD

Director, Office of Sustainablity, 
American Chemical Society

Download 
the Presentation Slides
Under Handouts

DAVID A. LAVISKA, PhD

Portfolio Manager, Green Chemistry & 
Sustainability in Education, Green 

Chemistry Institute, American 
Chemical Society

25
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Julie Beth Zimmerman, PhD 

Professor | School of Engineering and Applied Sciences

Professor and Senior Associate Dean | School of the Environment

Editor in Chief | Environmental Science & Technology

Integrated Algae Biorefinery

27
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Provide clean 
water 

X

without using and 
generating toxic chemicals 

Generate 
energy

without altering the 
atmosphere

Produce goods 
and services

without depleting finite 
resources and generating 
waste 

Grow food without the polluting our 
water with fertilizers and 
pesticides

Provide 
healthcare

without harming public 
health 

Be efficient without continuing to 
increase absolute 
emissions

31

That is, we want 

our solutions to 

meet societal 

needs in ways that 

are conducive to 

life… today and in 

the future.

32

31

32
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This requires changing the 

inherent nature of our 

materials and energy sources.

This will lead to solutions that are:

renewable not depleting, 
healthful not toxic, and
restorative not degrading.

33

So how do we 

get the problem 

statement right?

34

33

34
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So how do we 

get the problem 

statement right?

The same way 

we get the 

solutions right.

35

by coupling 

reductionism with 

systems thinking.

36

35

36
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LOWER ENERGY CONSUMPTION

37

38

37
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39

by coupling 

reductionism with 

systems thinking.

by coupling 
innovation with 
sustainability.

by coupling 
discovery with 
development.

by coupling 
implementation 

with scale.

40

39
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Urgent Need

41

Gallons in a Barrel 
• Diesel

• Other Distillates

• Jet Fuel

• Other Products

• Heavy Fuel Oil

• Liquified Petroleum 
Gases

• Gasoline
*U.S. Energy Information Administration; www.eia.gov

42

41

42

http://www.eia.gov/
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Foley, PM; Beach, ES; Zimmerman, JB. Green Chem. 2011, 13, 1399-1405

Context:  Integrated Biorefinery

43

Context:  Cellular Composition

0

10

20

30

40

50

60

70

80

90

100

N-
Neo

N+
Neo

N-
Chl

N+
Chl

N-
Tet

N+
Tet

N-
Nan

N+
Nan

%
 d

ry
 a

lg
a

e
 m

a
s
s
 

other

starch

protein

lipid

Soh, L., Eckelman, M.J., Haznedaroglu, B.Z.,  Kelly, C.O. , Peccia, P., Zimmerman, J.B.  2014.
44

43

44



4/17/2023

23

Context:  Supercritical Fluid

45

Context:  Transesterification 

CO2

46

45
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Why are some algal biorefineries 

carbon negative and others not?

Tu Q, Eckelman M, Zimmerman J. Meta-analysis and harmonization of life cycle assessment studies 

for algae biofuels. Environmental science & technology. 2017 Sep 5;51(17):9419-32.
47

Why are some algal biorefineries 

carbon negative and others not?

Tu Q, Eckelman M, Zimmerman JB. Harmonized algal biofuel life cycle assessment studies enable 

direct process train comparison. Applied energy. 2018 Aug 15;224:494-509. 48

47
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Brentner, Eckelman, Zimmerman, “Life cycle assessment of algal biodiesel:  a model to guide process design for 

industrial production”, ES&T, 2011, 45 (16), 7060-7067.

What are the highest impacts of 

the current biorefinery system?

49

Assessment informs design…

Develop and optimize improved 

extraction/conversion process 

for biomass to biodiesel, other 

fuels and chemicals.

50

49

50
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Is it efficacious?
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Soh, L.; Zimmerman, J. B., Biodiesel Production Potential of Algal Lipids Extracted with Supercritical Carbon 

Dioxide. Green Chemistry 2011, 13 (6), 1422-1429.

51
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Can it be as efficacious as 

current technology?

Soh, L.; Zimmerman, J. B., Biodiesel Production Potential of Algal Lipids Extracted with Supercritical Carbon 

Dioxide. Green Chemistry 2011, 13 (6), 1422-1429.
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Is it beneficial over current technology?
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Soh, L.; Zimmerman, J. B., Biodiesel Production Potential of Algal Lipids Extracted with Supercritical 

Carbon Dioxide. Green Chemistry 2011, 13 (6), 1422-1429.

CO2 extraction organic 

solvent

extraction

53

Is it beneficial over current technology?

Soh, L.; Zimmerman, J. B., Biodiesel Production Potential of Algal Lipids Extracted with Supercritical Carbon 

Dioxide. Green Chemistry 2011, 13 (6), 1422-1429.
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Is it beneficial over current technology? 
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Soh, L.; Zimmerman, J. B., Biodiesel Production Potential of Algal Lipids Extracted with Supercritical 

Carbon Dioxide. Green Chemistry 2011, 13 (6), 1422-1429.
55

Can we exploit CO2 properties to 

be more selective?

Kwan, T.A., Tu, Q. and Zimmerman, J.B., 2016.  ACS Sustainable Chemistry & Engineering, 4(11), pp.6222-6230.
56

55
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Can we do extraction and conversion in one pot?

57
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Soh, L., Curry, J., Beckman, E.J. and Zimmerman, J.B., 2013. Effect of system conditions for biodiesel production via 

transesterification using carbon dioxide–methanol mixtures in the presence of a heterogeneous catalyst. ACS 

Sustainable Chemistry & Engineering, 2(3), pp.387-395.

Can it be as efficacious as 

current technology?
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Is it the CO2?
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Soh, L., Curry, J., Beckman, E.J. and Zimmerman, J.B., 2013. Effect of system conditions for biodiesel production via 

transesterification using carbon dioxide–methanol mixtures in the presence of a heterogeneous catalyst. ACS Sustainable 

Chemistry & Engineering, 2(3), pp.387-395.

59

Measured at 80˚C at 3.6% 
methanol loading equivalent

Differential solubilities across phases

Increased interaction of substrate and methanol

Soh, L., Curry, J., Beckman, E.J., Zimmerman, JB. submitted

Why is it efficacious?

Soh, L., Curry, J., Beckman, E.J. and Zimmerman, J.B., 2013. Effect of system conditions for biodiesel production via 

transesterification using carbon dioxide–methanol mixtures in the presence of a heterogeneous catalyst. ACS Sustainable 

Chemistry & Engineering, 2(3), pp.387-395.
60

59
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What are the optimum conditions?
95˚C → > 98% yield

Surface model optimization at 3.6% methanol loading equivalent
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Soh, L., Curry, J., Beckman, E.J. and Zimmerman, J.B., 2013. Effect of system conditions for biodiesel production via 

transesterification using carbon dioxide–methanol mixtures in the presence of a heterogeneous catalyst. ACS 

Sustainable Chemistry & Engineering, 2(3), pp.387-395.

61

How do we improve further?

Soh, L., Chen, C.C., Kwan, T.A. and Zimmerman, J.B., 2015. Role of CO2 in Mass Transfer, Reaction Kinetics, and 

Interphase Partitioning for the Transesterification of Triolein in an Expanded Methanol System with Heterogeneous 

Acid Catalyst. ACS Sustainable Chemistry & Engineering, 3(11), pp.2669-2677.

Nafion

3-4 mm 0.25-0.5

mm mm

62

61
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Path Forward

Value Products
• Triacylglycerides (TAG)

• Bioactive compounds

– Carotenoids

• Astaxanthin

– ω-3 fatty acids

• Eicosapentaenoic acid (EPA)

• Docosahexaenoic acid (DHA)

• Towards biorefinery realization

– Close economic gaps

64

63
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Super Complex System

• Pressure

• Temperature

• Modifier content

• Flow rate

• Analyte solubility

• Drying, milling, grinding

• Bed porosity

• Bed geometry

• Apparent density (mass loading)

• Particle size and distribution

• Particle geometry

• Real density of solid particles

• Initial analyte content in 
substrate

65

Super Complex System

• Pressure

• Temperature

• Modifier content

• Flow rate

• Analyte solubility

• Drying, milling, grinding

• Bed porosity

• Bed geometry

• Apparent density (mass loading)

• Particle size and distribution

• Particle geometry

• Real density of solid particles

• Initial analyte content in 
substrate

66
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Investigating inherency

69

Extraction Curves

Sovova, H.; Mathematical model for supercritical fluid extraction of natural products and extraction curve 

evaluation, The Journal of Supercritical Fluids, 2005.  33(1)

70

69

70
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• Particle size

– <0.595mm, >0.354mm 

• 25 mL vessel

• 200 mg

– Analytical standards

– Scenedesmus dimorphus

– Haematococcus pluvialis

• 3-5 mg CO2 per minute

Experimental Setup

71
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M u l t i - C o m p o n e n t
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Enrichment
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Impact

http://www.nutrex-hawaii.com/
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Red Antioxidant

• Carotenoids

– Astaxanthin

0 5 10 15

Vitamin C

Vitamin E

Beta-carotene

Pycnogenol

Synthetic Astaxanthin

Natural Astaxanthin

% Free Radical Inhibition per mg

Capelli, B., et. al., Synthetic astaxanthin is significantly inferior to algal-based astaxanthin as an antioxidant and may not be suitable as a 

human nutraceutical supplement. Nutrafoods, 2014. 12(4)
77
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Dynamic Control

• Static control

– Single density & polary

– Single operational parameters

• Temperature

• Pressure

• Entrainer

• Dynamic control

– Multiple densities & polarities

79

Astaxanthin
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Kwan TA, Kwan SE, Peccia J, Zimmerman JB. Selectively biorefining astaxanthin and triacylglycerol co-products from 

microalgae with supercritical carbon dioxide extraction. Bioresource technology. 2018 Dec 1;269:81-8. 81

• Biodiesel → $7/kg

• Astaxanthin → $7000/kg

• CO2 credits → ?/kg

Back of the Envelope

82

81

82



4/17/2023

42

More value to find from an integrated 

biorefinery
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Kannah RY, Kavitha S, Banu JR, Sivashanmugam P, Gunasekaran M, Kumar G. A mini review of biochemical 

conversion of algal biorefinery. Energy & Fuels. 2021 Oct 13;35(21):16995-7007.
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85

86

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions 
in the questions window!

www.acs.org/acswebinars
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www.acs.org/acswebinars

88

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

Co-produced with ACS Office of Career and Professional Education

Cannabinoids: Stumbling Through 
Challenging Separations (Rebroadcast)

Thursday, April 20, 2023 | 2-3pm ET

Co-produced with the Sociedad Quimica de Mexico

Factores de Transcripción y la 
Decodificación del Genoma

Wednesday, April 26, 2023 | 2-3pm ET

Co-produced with ACS Publications and the ACS Division of 
Medicinal Chemistry

The Chemistry of the 
Human Microbiome

Thursday, April 27, 2023 | 2-3:15pm ET
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http://www.acs.org/acswebinars
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www.acs.org/acswebinars

89

Edited Recordings
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

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.

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

www.acs.org/acswebinars

90

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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http://www.acs.org/acswebinars
http://www.acs.org/acswebinars
mailto:acswebinars@acs.org?subject=I%20have%20a%20question
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