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Type them into questions box! 

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

Contact ACS Webinars ® at acswebinars@acs.org  

Have Questions? 
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Have you discovered the missing element?  

Find the many benefits of ACS membership! 

http://bit.ly/benefitsACS 
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Benefits of ACS Membership  

http://bit.ly/benefitsACS 

Chemical & Engineering News (C&EN)  
The preeminent weekly news source.  

NEW! Free Access to ACS Presentations on Demand®  
ACS Member only access to over 1,000 presentation 
recordings from recent ACS meetings and select events.  

NEW! ACS Career Navigator  
Your source for leadership development, professional 
education, career services, and much more. 
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Let’s get Social…post, tweet, and link to ACS 
Webinars during today’s broadcast! 

facebook.com/acswebinars 

@acswebinars 

Search for “acswebinars”  
and connect! 

SBBD| Drew Medicinal Chemistry Course| 6.8.16 
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“Darren offered a refreshing perspective on how 
to act as a scientist.  It was a nice reminder to 
find positives in a negative situation. I also liked 
how Darren challenged the audience to be open 
to art (and other fields), and not to be a closed-
off scientist.” 

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org  
 

 
How has ACS Webinars    
benefited you? 

 

 ® 

http://bit.ly/SelfFulfillment 

Kevin Kempton 
Research Associate 
Innophos, Inc., ACS member for 3 years strong! 
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youtube.com/acswebinars 

Search for “acswebinars” and connect! 
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Learn from the best and brightest minds in chemistry! Hundreds 
of webinars presented by subject matter experts in the chemical 
enterprise. 

  
Recordings are available to current ACS members after the Live 
broadcast date via an invitation email. www.acs.org/acswebinars  

 
Broadcasts of ACS Webinars  continue to be available to the general 
public LIVE every Thursday at 2pm ET! 

 

  ® 

www.acs.org/acswebinars 

ChemIDP.org 
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http://bit.ly/GreenNano 

Join the ACS Chemical Health and  
Safety Division!  

10 

https://dchas.org 

The division is dedicated to supporting the efforts of chemical manufacturers, 

industrial and academic researchers, and science teachers at all levels to work 

for a safe and healthful work environment. Through our technical symposia, the 

Division’s Journal, the Journal of Chemical Health and Safety, our 

workshops and our DCHAS-L  listserv, we provide a forum for scholarly health 

and safety research, advice and counsel from an experienced group, and 

support for health and safety efforts in industry and academia. 
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Upcoming ACS Webinars 
www.acs.org/acswebinars 
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Contact ACS Webinars ® at acswebinars@acs.org  

Thursday, May 25, 2017 
 

Anti-Infectives: Rational Approaches to the Design and 
Optimization 
Co-produced with the ACS Division of Medicinal Chemistry and the AAPS 
 

Jason Sello, Associate Professor of Chemistry, Brown University 
 

Courtney Aldrich, Associate Professor, Department of Medicinal Chemistry, University of 
Minnesota and Editor-in-Chief of ACS Infectious Diseases 

Thursday, May 18, 2017 
 

Nanomaterial Design Guided by the Principles of 
Green Chemistry 
Co-produced with the ACS Green Chemistry Institute 
 

James Hutchison, Lokey-Harrington Chair in Chemistry, University of Oregon 
 

Joe Fortunak, Professor of Chemsitry, Howard University 

12 

www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

Creating a 21st Century Chemical Research Laboratory:  
Hazard Assessments and Fundamentals 

This ACS Webinar is co-produced by the ACS Division of Chemical Health and Safety and the ACS Green Chemistry Institute 

Ralph Stuart,  
Chemical Hygiene Officer,  

Keene State College and  

Secretary, ACS CH&S 

Kendra Leahy Denlinger 
Graduate Student,  

University of Cincinnati 
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Dr. Kendra Leahy Denlinger 
University of Cincinnati 

 
 

Ralph Stuart, CIH, CCHO 
Chemical Hygiene Officer, Keene State College 

Secretary, Division of Chemical Health and Safety, 
 American Chemical Society 

 

14 
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Lab Safety involves both Technical and Cultural Skills 

Culture Change 

through Safety 

Education 

20th Century: 
Selecting Controls  

Based on Rules, guided by 
Chemical Intuition  

21st Century:  
a Safety System based  

on documented  
Risk Assessment  

Manage 
Hazards 

15 

• NFPA 45 requirements for 
instructional and educational labs, 
2015 

High school 

• Safety in Academic Chemistry 
Laboratories, 8th edition, 2017 

Undergraduate 
teaching labs 

• Laboratory Safety for Chemistry 
Students, 2nd Edition, 2016 “Mentored” 

research labs 
• Prudent Practices, 2011 

• Identifying and Evaluating Hazards in 
Research Laboratories, 2016  

• PubChem Laboratory Chemical Safety 
Summaries, 2016 

• Pistoia Chemical Safety Library, 2017 

Research  
laboratories 

16 
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National Research Council, 2011 ACS  
 (at the behest of the CSB) 

PDF Version 2013 

Web Version, 2016 
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National Library of Medicine’s Pubchem  
Laboratory Chemical Safety Summaries (2015) 

• Safety information on 103,000 chemicals 
 

• Includes SDS-style information as well as 
specific reaction information between 
chemicals 

18 

Pistoia Alliance Chemical Safety Library  (2017) 
• Information on specific lab scale chemical 

incidents 
 

• Access is free upon registrantion and 
reporting of incidents is encouraged. 
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• Guidelines for Chemical Lab Safety in 
Secondary Schools, 2016 

High school 

• Creating Safety Cultures in Academic 
Institutions from ACS, 2013 

• Laboratory Safety Guidelines, ACS 
Committee on Professional Training, 
2015 

Undergraduate 
education labs 

• A Guide to Implementing a Safety 
Culture in our Universities from the 
APLU, 2016 

• ACS Safety Guidelines for the 
Chemistry Professional 2017 

“Mentored” 
research labs 

• Safe Science from the National 
Research Council, 2014 

• ACS journals policy, 2016 

Research  
lab work 

19 

National Research 
Council, 2014 ACS, 2016 

20 



5/10/2017 

11 

Which hazard MOST concerns you?  

 

 

 

21 

• Chemicals of known reactivity 
 

• Chemicals of known toxicity 
 

• Environmentally hazardous chemicals 
 

• Chemicals of unknown toxicity 

https://ehs.unl.edu/sop/s-health_hazards_haz_assessment_risk_min.pdf 

LC50 ≤ 2.0 mg/L 

22 
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LC50 ≤ 2.0 mg/L 

https://www.acs.org/hazardassessment 24 
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fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

Risk = hazard x exposure 
25 

26 

Alder, C. et. al. “Updating and 
further expanding GSK’s 
solvent sustainability guide.” 
Green Chemistry, 2016, 4, 
1166-1169. 
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+ 
Reagent A 

Reagent B 

Solvent Heat & Stir 

Impact Force 

Smaller particles 

Shaking & 
Grinding 

Product 

Product 
isolation 

Product 
isolation 
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Table 5.8 Column Chromatography Materials 

Stationary Phase Moving Phase 

Alumina Increasing  Water Increasing 

Silicic acid adsorption Methanol solvation 

Magnesium sulfate of polar Ethanol of polar 

Cellulose paper materials Acetone materials 

Ethyl acetate 

Diethyl ether  

Methylene 

chloride 

Cyclohexane 

Pentane 

Mayo, Dana W.; Pike, Ronald M.; Forbes, David C. Microscale Organic Laboratory. United States: John Wiley & Sons, Inc., 2011. Print. 

Functionalized polymer resins 

29 

Polymer (and anything 
attached to it) remains 
in filter paper. 

Solvent (and anything 
dissolved in it) ends up in 
round-bottomed flask. 

Filter paper 

30 

Funnel 

Choose a green solvent. 
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Design the reaction so that: 
 

• A product is attached to the polymer 
 

• A byproduct is attached to the polymer 
 

• A catalyst is attached to the polymer 
 

31 

32 

• 1950’s 
 
• Nobel Prize 

awarded in 
1970’s 
 

• Harmful 
organic 
solvents 

 
• Very strong 

bases (n-
BuLi) 
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Have you developed Green Chemistry alternatives 
for specific reactions in your lab work?  
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• Yes, we have developed a full set of GC alternatives  
 

• Yes, we have developed some GC alternatives 
 

• Yes, we have developed a few GC alternatives 
 

• No, we have not developed any GC alternatives yet 
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fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

35 

fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

36 
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fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

Identify hazards             Analyze risks             Select controls 

37 

Identify hazards  Analyze risks  Select controls 

fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

38 
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fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

39 

Identify hazards  Analyze risks  Select controls 

high probability x no consequences = 4  
low probability x life threatening consequences = 20 

fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

Identify hazards  Analyze risks  Select controls 

40 
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fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

Identify hazards  Analyze risks  Select controls 

41 

Identify hazards  Analyze risks  Select controls 

Source: http://www.cdc.gov/niosh/topics/hierarchy  

fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

42 
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Source: 

Meeting was supported 
by EPA, NSF, DOE (Los 
Alamos National Lab), 
and the ACS GCI. 

“How can we tell if what we’re 
doing is actually greener?” 

Green Chemistry Metrics 

43 

How interested are you in a Green Chemistry metrics 
tool that incorporated job hazard assessment 
considerations? 
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• Very interested 
 

• Somewhat Interested 
 

• Neither interested or disinterested 
 

• Somewhat disinterested 
 

• Very disinterested 
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Leahy, Kendra; Mack, Anthony; Mack, James. “An EcoScale Comparison of Mechanochemistry and Solution Based 
Reactions.” Green Technologies for the Environment. Obare et. al. ACS Symposium Series; American Chemical 
Society: Washington, DC, 2014. 129-137. Print. 

Van Aken, Koen; Strekowski, Lucjan; Patiny, Luc. “EcoScale, a semi-quantitative tool to select an organic preparation based on economical and 
ecological parameters.” Ballstein J. of Org. Chem. 2006, 3. 
Leahy, Kendra; Mack, Anthony; Mack, James. “An EcoScale Comparison of Mechanochemistry and Solution Based Reactions.” Green 
Technologies for the Environment. Obare et. al. ACS Symposium Series; American Chemical Society: Washington, DC, 2014. 129-137. Print. 
 

46 
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Van Aken, Koen; Strekowski, Lucjan; Patiny, Luc. “EcoScale, a semi-quantitative tool to select an organic preparation based on economical and 
ecological parameters.” Ballstein J. of Org. Chem. 2006, 3. 
Leahy, Kendra; Mack, Anthony; Mack, James. “An EcoScale Comparison of Mechanochemistry and Solution Based Reactions.” Green 
Technologies for the Environment. Obare et. al. ACS Symposium Series; American Chemical Society: Washington, DC, 2014. 129-137. Print. 
 

Solution Mechanochemistry 

Total Penalty Points   65 23 
  

EcoScale rating 100-65 35 100-23 77 
  

Overall Assessment   Inadequate   Excellent 

47 

fundamentals of hazard assessment | scoping and assembling your team | ways to conduct hazard assessments | tools 

48 
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• Risk = hazard x exposure 
 

• Determine scope (use SDS!) 
 

• Assemble your team 
 

• Conduct a hazard assessment 
• Assigning risk ratings 
• Job hazard analysis 

 
• Select controls 

 
• Green engineering principles 

 
• Green chemistry metric: EcoScale 

49 

Undergraduates: 
• Preston Carr 
• Kingsley Benson 

 
 
 
 
 

 
 
 

Incoming graduate 
students: 
• Rashad Pace 
• Nina Trankina 

Advisor: Prof. James Mack 
Committee Members: 
• Prof. Hairong Guan 
• Prof. Neil Ayres 

 
American Chemical Society: 
• Ralph Stuart 
• Marta Gmurczyk 
• Mary Kirchhoff 
 
Mack Group: 
• Heather 
• Longrui 
• Becca 
• Cong 
• Joel 
• Nina 

50 
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Kendra Leahy Denlinger   denlinkm@mail.uc.edu  leahykr@gmail.com 51 

Audience Technical Resources Cultural Resources 

High school and 
undergraduate teaching labs 

NFPA 45 requirements for 
instructional and educational 
labs, 2015 

Guidelines for Chemical Lab 
Safety in Secondary Schools, 
ACS 2016 

Mentored research labs (REU, 
CURE, similar programs) 

Safety in Academic Chemistry 
Laboratories, 8th edition 
ACS 2017 

Creating Safety Cultures in 
Academic Institutions  
ACS, 2013 

Supervised research 
(graduate school) 

Guidelines for Chemical Lab 
Safety in Secondary Schools, 
ACS 2016 

A Guide to Implementing a 
Safety Culture in our 
Universities  
APLU, 2016 

Research leadership Prudent Practices in the 
Laboratory  
National Academies Press 
2011 
Hazard Assessment in 
Research Laboratories 
ACS, 2016 

Safe Science  
National Academies Press, 
2014 
Safety Guidelines for the 
Chemistry Professional  
ACS DCHAS / CCS, 2017 

52 

http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=45
http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=45
http://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards?mode=code&code=45
https://www.acs.org/content/acs/en/chemical-safety/guidelines-for-chemical-laboratory-safety.html
https://www.acs.org/content/acs/en/chemical-safety/guidelines-for-chemical-laboratory-safety.html
http://www.acs.org/safety
http://www.acs.org/safety
https://www.acs.org/content/acs/en/chemical-safety/guidelines-for-chemical-laboratory-safety/resources-supporting-guidelines-for-chemical-laboratory-safety/building-strong-safety-cultures.html
https://www.acs.org/content/acs/en/chemical-safety/guidelines-for-chemical-laboratory-safety/resources-supporting-guidelines-for-chemical-laboratory-safety/building-strong-safety-cultures.html
https://www.acs.org/content/acs/en/chemical-safety/guidelines-for-chemical-laboratory-safety.html
https://www.acs.org/content/acs/en/chemical-safety/guidelines-for-chemical-laboratory-safety.html
http://www.aplu.org/library/safety-culture/file
http://www.aplu.org/library/safety-culture/file
http://www.aplu.org/library/safety-culture/file
http://www.aplu.org/library/safety-culture/file
https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
https://www.nap.edu/catalog/12654/prudent-practices-in-the-laboratory-handling-and-management-of-chemical
https://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/hazard-assessment.html
https://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/hazard-assessment.html
https://www.acs.org/content/acs/en/about/governance/committees/chemicalsafety/hazard-assessment.html
https://www.nap.edu/catalog/18706/safe-science-promoting-a-culture-of-safety-in-academic-chemical
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Audience Technical Resources 

Laboratory Researchers 

EcoScale green chemistry metric 

ACS Green Chemistry Institute 

“An EcoScale Comparison of 
Mechanochemistry and Solution Based 
Reactions,” 2014 

53 

54 

www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

Creating a 21st Century Chemical Research Laboratory:  
Hazard Assessments and Fundamentals 

This ACS Webinar is co-produced by the ACS Division of Chemical Health and Safety and the ACS Green Chemistry Institute 

Ralph Stuart,  
Chemical Hygiene Officer,  

Keene State College and  

Secretary, ACS CH&S 

Kendra Leahy Denlinger 
Graduate Student,  

University of Cincinnati 

http://www.ecoscale.org/
http://www.ecoscale.org/
http://www.ecoscale.org/
https://www.acs.org/content/acs/en/greenchemistry.html
https://www.acs.org/content/acs/en/greenchemistry.html
https://www.acs.org/content/acs/en/greenchemistry.html
http://pubs.acs.org/doi/abs/10.1021/bk-2014-1186.ch007
http://pubs.acs.org/doi/abs/10.1021/bk-2014-1186.ch007
http://pubs.acs.org/doi/abs/10.1021/bk-2014-1186.ch007
http://pubs.acs.org/doi/abs/10.1021/bk-2014-1186.ch007
http://pubs.acs.org/doi/abs/10.1021/bk-2014-1186.ch007
http://pubs.acs.org/doi/abs/10.1021/bk-2014-1186.ch007
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http://bit.ly/GreenNano 

Join the ACS Chemical Health and  
Safety Division!  

56 

https://dchas.org 

The division is dedicated to supporting the efforts of chemical manufacturers, 

industrial and academic researchers, and science teachers at all levels to work 

for a safe and healthful work environment. Through our technical symposia, the 

Division’s Journal, the Journal of Chemical Health and Safety, our 

workshops and our DCHAS-L  listserv, we provide a forum for scholarly health 

and safety research, advice and counsel from an experienced group, and 

support for health and safety efforts in industry and academia. 
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Upcoming ACS Webinars 
www.acs.org/acswebinars 

57 

Contact ACS Webinars ® at acswebinars@acs.org  

Thursday, May 25, 2017 
 

Anti-Infectives: Rational Approaches to the Design and 
Optimization 
Co-produced with the ACS Division of Medicinal Chemistry and the AAPS 
 

Jason Sello, Associate Professor of Chemistry, Brown University 
 

Courtney Aldrich, Associate Professor, Department of Medicinal Chemistry, University of 
Minnesota and Editor-in-Chief of ACS Infectious Diseases 

Thursday, May 18, 2017 
 

Nanomaterial Design Guided by the Principles of 
Green Chemistry 
Co-produced with the ACS Green Chemistry Institute 
 

James Hutchison, Lokey-Harrington Chair in Chemistry, University of Oregon 
 

Joe Fortunak, Professor of Chemsitry, Howard University 
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www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

Creating a 21st Century Chemical Research Laboratory:  
Hazard Assessments and Fundamentals 

This ACS Webinar is co-produced by the ACS Division of Chemical Health and Safety and the ACS Green Chemistry Institute 

Ralph Stuart,  
Chemical Hygiene Officer,  

Keene State College and  

Secretary, ACS CH&S 

Kendra Leahy Denlinger 
Graduate Student,  

University of Cincinnati 
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Job Hazard Analyses and Green Chemistry metrics 
support each other and make for better and safer 
science. This is because they are both based on clear, 
careful descriptions of the chemical processes being 
conducted.  

59 

60 

“Darren offered a refreshing perspective on how 
to act as a scientist.  It was a nice reminder to 
find positives in a negative situation. I also liked 
how Darren challenged the audience to be open 
to art (and other fields), and not to be a closed-
off scientist.” 

Be a featured fan on an upcoming webinar! Write to us @ acswebinars@acs.org  
 

 
How has ACS Webinars    
benefited you? 

 

 ® 

http://bit.ly/SelfFulfillment 

Kevin Kempton 
Research Associate 
Innophos, Inc., ACS member for 3 years strong! 
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youtube.com/acswebinars 

Search for “acswebinars” and connect! 

62 

Benefits of ACS Membership  

http://bit.ly/benefitsACS 

Chemical & Engineering News (C&EN)  
The preeminent weekly news source.  

NEW! Free Access to ACS Presentations on Demand®  
ACS Member only access to over 1,000 presentation 
recordings from recent ACS meetings and select events.  

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



5/10/2017 

32 

63 

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  

Upcoming ACS Webinars 
www.acs.org/acswebinars 
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Contact ACS Webinars ® at acswebinars@acs.org  

Thursday, May 25, 2017 
 

Anti-Infectives: Rational Approaches to the Design and 
Optimization 
Co-produced with the ACS Division of Medicinal Chemistry and the AAPS 
 

Jason Sello, Associate Professor of Chemistry, Brown University 
 

Courtney Aldrich, Associate Professor, Department of Medicinal Chemistry, University of 
Minnesota and Editor-in-Chief of ACS Infectious Diseases 

Thursday, May 18, 2017 
 

Nanomaterial Design Guided by the Principles of 
Green Chemistry 
Co-produced with the ACS Green Chemistry Institute 
 

James Hutchison, Lokey-Harrington Chair in Chemistry, University of Oregon 
 

Joe Fortunak, Professor of Chemsitry, Howard University 


