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{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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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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ACS

A Career Planning Tool For Chemical Scientists & chemistryfor Life”

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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Career Consultant Directory &F Chemistryfor 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 6
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APPLY Today!

A PhD Workshop for Industrial Careers <’S..

WEDNESDAY, JUNE 21 2023 | 1:00 - 5:30 PM ET e e
Apply today for a chance to win $500 and an interview with DuPont! GOED
ACS B”dge Program W Chemistry for Life®

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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Make Our Future
Greener Through
Hydrocarbon Research

»
A\

CALL FOR PROPOSALS | AUGUST 14 — SEPTEMBER 8, 2023

American Chemical Society Petroleum Research Fund AcsJ)PRF

: \
Seed Money for Petroleum-Relevant Science 8 '.’%.

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!”

g GIVE TO THE

A &~ SCHOLARS
ACS Procram

? N s,
T_:, Donate today at www.donate.acs.org/scholars
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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
ty i W

Diversity, Equity, Inclusion, and Respect Inclusion**

**Adapted from definitions from the Ford Foundation Center for Social Justice: Builds a culture of belonging by

ACS Publications DEIR Hub

C&EN Trailblazers

ACS Volunteer and ACS
Meetings Code of Conduct

NEW! Download DEIR
Educational Resources

Equity**

Seeks to ensure fair treatment,
equality of opportunity, and

fairness 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 efimination of
barriers that have prevented the

full participation of some groups

Diversity**
The representation of varied
dentities and differences (race,
1 ility, sexual
orientation, gender identity,
in, tribe, caste, socio-

inking and

actively inviting the contribution
and participation of all people.
Every person's voice adds value,
and ACS create balance
in the face of power differences. In
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.

Quick Guide: Inclusion Quick Guide: How to host
Moments inclusive in-person events

https://www.acs.org/diversity
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REACTIONS

PRODUCED BY THE AMERICAN CHEMICAL SOCIETY

e O
N
wlm,ﬂl _D, ,i

N

1 Ase Gold To Prove a Poke

We Mase Pop Rocks at Hame wth Sclence

'www.youtube.com/c/ACSReactions/videos 12
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ACS Sam Jones, PhD

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

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.

13

c&en’s
STEREO
CHEMISTRY

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

The helium shortage that
work-life balance eat 5o much sugar

supposed to be

VOICES AND STORIES FROM THE WORLD OF CHEMISTRY

amazonmusic

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.

prepare an effective resume. interview
pick a graduate or post-doctoral

Get Published.

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

Get Ahead.

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

acsoncampus.acs.org

6/8/2023

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
("1

& SAvpus
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ACS
ACS Career Resources W Chemistry for Life®

Virtual Office Hours Personal Career Consultations Linkedf}] Learning

.o
Jim Tung

o ..

DY

https://www.acs.org/careerconsulting.html https://www.acs.org/careerconsulting.html https://www.acs.org/linkedInlearning
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ACSPublications

@ 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 Organic- .
1 ganic
Science & Inorganic Physical

Engineering

Publish with ACS New Products & Services ACS Open Science Explore ACS Solutions

https://pubs.acs.org 18
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TWENTY-SEVENTH ANNUAL

GREEN CHEMISTRY &
ENGINEERING CONFERENCE

June 13-15, 2023 | Long Beach, CA & Hybrid

Platinum Sponsor MilLiPORE
e SiGMa

Register Now!
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ACS

Chemistry for Life*

AMERICAN CHEMICAL SOCIETY

MEETINGS & EVENTS

CLOSING THE

www.gcande.org

HARNESSING THE POWER OF DATA

AUGUST 13-17 | San Francisco, CA |

6/8/2023
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ACS

www.acs.org/acswebinars @ ACS WEb|na I’S‘
v Chemistry for Life®

VATCH + LEARN

Thursday, June 15, 2023 | 2-3pm ET Thursday, June 29, 2023 | 2-3pm ET

The CHIPS and Science Act: What's ERGO: A Potential Answer in

in it for the Chemistry Enterprise? Mushrooms to Healthy Aging?
Co-produced with ACS Advocacy and ACS Government Affairs Co-produced with ACS Division of Agricultural & Food Chemistry

Register for Free ~ Browse the Upcoming Schedule at www.acs.org/acswebinars
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Process Chemistry: What Is It and How It's Done ACS
August 12th | Grand Hyatt San Francisco Chemistry for Life®

This course is an overview of process chemistry, which is a support branch of
synthetic chemistry. A survey of what process chemistry is and how a process
chemist performs their work is covered. Important topics covered include:

Key Topics Include:

* The SELECT paradigm.
» A comparison of batch versus continuous flow chemistry.

* Retrosynthetic analysis.

* Process case studies from pharmaceuticals and chemical manufacturing
» An overview of Design of Experiments (DoE).

Register Today! Facilitated by

institute.acs.org/process-
chemistry-what-is-it-and-

Joseph A. Martino Il

' A T, Adjunct Professor of Chemistry,
how-it-s-done.html Immaculata University

22
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ACS
W Chemistry for Life®

www.acs.org/acswebinars

THIS ACS WEBINAR®
WILL BEGIN SHORTLY...

Say hello in the
guestions window!

23

CK « WATCH - LEARN -

Download Presentation Slides - .
ACS ) 7 Lt . ACS Webinars
W Chemistry for Life 4)

www.acs.org/acswebinars

Process Chemistry: A Day in the Life

JOSEPH A. MARTINO IlI, Ms BRYAN TWEEDY, BS

Assistant Director, ACS Education,
Office of Career and Professional
Education, American Chemical Society

Adjunct Professor of Chemistry,
Immaculata University and ACS
Institute Instructor

This ACS Webinar® is co-produced with ACS Office of Career and Professional Education.

24

12



6/8/2023

Process Chemistry: A Day in the Life
Presentation for ACS Webinars
June 8, 2023

Joseph A. Martino lll

25

=

A little about me
- MS, Chemistry, Villanova University (go Wildcats!)

Senior Chemist, Arkema, King of Prussia, PA ARKEMA

Scientist, GlaxoSmithKline, King of Prussia, PA G S K

ACS
Currently W Cremistyforfe fiﬁ

Wearer of multiple hats for ACS

IMMACULATA
UNIVERSITY

Adjunct Professor of Chemistry, Immaculata University

26
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Audience Survey Question_.

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT

What experience do you have in process chemistry right now?
* None
* Just starting
e 1-2years
* More than 2 years

* 10+ years

What is Process Chemistry?

A subset of synthetic chemistry - can be organic, organometallic, or inorganic.
A service function to synthetic chemistry - this is not basic R&D, but an application of it!

Main goal of process chemistry is to answer the following questions?
Can a small-scale synthesis be scaled up at all?

If it is scaled up, what are the differences between the small-scale experiment and the
large-scale experiment?

Can the large-scale experiment be transferred to plant equipment?

The ultimate goal is to manufacture commercial quantities.

14
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Types of Process Chemistry

Chemical Development: A dedicated department which takes the original synthesis of a compound, re-works it to
make it more efficient, and runs preliminary large-scale experiments up to the kilogram scale on kilo-lab equipment.

Process Development: A dedicated department which takes current, large-scale synthesis and either updates the
synthetic sequence or qualifies starting materials of a current plant synthesis to ensure final produce specifications.

Chemical and Process Development frequently interact with chemical engineers.
Do not confuse Process Chemistry with Large-Scale Preparations Chemistry!

Large-Scale Preparation Chemistry: In-house functionality where large quantities of compounds are made for internal

company customers.

Interaction with Chemical Engineers

The chemical engineer is ultimately responsible for manufacturing the synthesis on a
large, commercial scale.

The process chemists work with the chemical engineer:

- Work with the engineer to construct lab equipment that mimics plant equipment.

- Modify the execution of the reaction to simulate as closely as possible what happens
in the plant.

- Monitor the plant reaction on transfer to ensure reproducibility from lab equipment to
plant equipment.

15
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Pros and Cons

PROS

- You get to wear multiple hats.

- You interact with multiple groups.

- You get exposed to cool chemistry on a very large scale.
CONS

- You will not get to develop a new chemical reaction.
- You will most likely not get published for this work.

- You are dealing with more hazardous situations than on a small scale.

Audience Survey Question_

ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT\

-,

What'’s the largest scale reaction that you ran?

* No reaction — just curious about process chemistry
* 0-100 mg reactions

* Gram-scale reactions

* Kilogram-scale reactions

* Pilot plant and up

32

32
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A Walkthrough...

You are given a compound that medicinal chemists have found to

have efficacy in a therapeutic area.

Your task: Devise a synthesis to transfer to manufacturing.

Remember Retrosynthesis?

o

AFO
cyclization
fo) (o]
| Cl =
Claisen-Schmidt
5 H N
OH NO, condensation © 02

Br Br

17
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Retrosynthesis

* For organic synthesis, thought process is this:
* You devise a compound never made before

* You break down the novel compound to its starting materials.

* For process chemistry, thought process is this:
* The compound is made and already in the bottle. It is no longer novel
(though may be IP).

* The synthesis for the compound is already made.

» Can you devise a synthesis with a smaller number of steps?

Next, the library

Did someone do this on a large scale before?
(Why reinvent the wheel?)

Most important: If it was done on a large scale before, is it in a patent?

Your company might need to license it if it is — this can cost some $$$$$$$.

18
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Next, RUN THE EXPERIMENT!

* The compound has been made - you're not reinventing the wheel . . . unless you
devised a synthesis with fewer steps from retrosynthesis. Then you run on small (mg)
scale to prove concept.

* Once concept is proven (or if it's proven and you're happy with the current synthesis),
you scale it up to look for scale-up effects
* Exotherms (launch hazard, temperature control)
* Agglomerations (no “bowling balls” in a reactor!)

* Viscosity issues (do you get a slurry and can you move it?)

Scale up further (1L scale, 2L scale, 5L scale, kilo-lab scale)

37

End Game...
Orlis It?

38
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This Might Be Your End Game!

Batch Chemistry? Or Continuous Flow Chemistry?

Batch Chemistry
+ Synthesis performed in a reaction vessel or vessels with the goal of making one quantity of a given compound.

* Mathematically modeled using Continuous Stir-Tank Reactor system (CSTR)

Continuous-Flow Chemistry

+ Synthesis performed in tubing or piping, where reagents are mixed in situ at a defined flow rate, forming
product which is dispensed in a collection vessel.

+ Mathematically modeled using Plug-Flow Reactor system.

There are some plant operations that use batch/continuous flow hybrids.

20
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We made it! Now we must optimize it!

Design of Experiments (DoE)
» Use of statistical analysis to determine the most optimal parameters to run a chemical process

» This process is based upon Analysis of Variance (ANOVA)

» The purpose of this statistical work is to determine a mathematical model that is statistically
valid in order to determine optimal parameters for specific, maximized responses
(i.e.. enantiomeric excess, percent yield, etc.)

+ Goal is to find a "sweet spot" of parameters to reproducibly obtain a maximized end result.

The SELECT Paradigm

Butters, et al, Chem. Rev. 2006, 106 3002-3027.

A system designed by process chemists at Pfizer

* Acronym which stands for Safety, Environmental, Legal, Economics, Control and Throughput

+ Emphasizes that process chemistry is inherently interdisciplinary

Frequent interactions with HES personnel.
Must design processes in accordance with FDA/EPA/TSCA/EINECS rules.

Must be certain that you are legally authorized to practice the chemistry (Is it yours? Or do you need to
license it?)

Can you afford to practice the chemistry? Do you need an infrastructure investment to do it?

Obviously, you need to control the chemistry and maximize the product produced.

21
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Pharmaceuticals vs. Chemical Manufacturing

Process chemistry is not limited to pharmaceuticals!

Process chemistry can also be found in chemical manufacturing.

This can take the same format as pharmaceuticals (i.e.: scale up and optimization of an existing
small molecule process).

This can also utilize DoE (think polymer chemistry)
In the chemical manufacturing context, process chemistry can also re-explore existing processes

* Qualifying raw materials for existing processes
* Qualifying proposed modifications to existing plant infrastructure

Thank you for
your attention!

22
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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.

6/8/2023

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

<
o

o

8 Learn and develop leadership

Chemistry in Practice
Apply chemical principles across
foundational knowledge and practice.

Lab Safety
RAMP up safety education and enhance
compliance.

Leadership Development

competencies.

3e]o]e

Entrepreneurship Education
Learn and develop entrepreneurship
competencies.

Professional Development
Advance your professional skills.

Scientific Communication
Master the art of scientific communication.

Technical Skills Development
Build and enrich technical skills and
expertise.

Volunteer Development
Prepare to make a difference.

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

Process Chemistry: What Is It and How It's Done
August 12th | Grand Hyatt San Francisco

This course is an overview of process chemistry, which is a support branch of
synthetic chemistry. A survey of what process chemistry is and how a process
chemist performs their work is covered. Important topics covered include:

Key Topics Include:
* The SELECT paradigm.

» A comparison of batch versus continuous flow chemistry.

* Retrosynthetic analysis.

* Process case studies from pharmaceuticals and chemical manufacturing
» An overview of Design of Experiments (DoE).

Register Today!

institute.acs.org/process-
chemistry-what-is-it-and-
how-it-s-done.html

ACS

Chemistry for Life®

Facilitated by

Joseph A. Martino Il

Adjunct Professor of Chemistry,
Immaculata University

23
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www.acs.org/acswebinars

THE LIVE Q&A IS
ABOUT TO BEGIN!

Keep submitting your questions
in the questions window!

AC S ) www.acs.org/acswebinars . ACS WEb|na rS
W Chemlstry fOI' Llfe® CLICK - WATCH - LEARN -

Thursday, June 15, 2023 | 2-3pm ET Thursday, June 29, 2023 | 2-3pm ET

The CHIPS and Science Act: What's ERGO: A Potential Answer in

in it for the Chemistry Enterprise? Mushrooms to Healthy Aging?
Co-produced with ACS Advocacy and ACS Government Affairs Co-produced with ACS Division of Agricultural & Food Chemistry

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

48
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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

=9—— 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

49
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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
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