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We will begin momentarily at 2pm ET 

 
Slides available now! Recordings available as an exclusive ACS member benefit. 

Contact ACS Webinars ® at acswebinars@acs.org  

www.acs.org/acswebinars 
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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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“This ACS Webinar allowed me as an undergraduate 
student explore more of how chemistry can be used to 
change and benefit the world. With my graduation 
coming in a few weeks I'm reassured that there is a 
whole network of professionals who share the same 
passion for creating a healthier planet.” 
 

 
 
 
Emily Dowdy 
Bachelor of Science, Chemistry 
Moravian College Class of 2016  

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

 
How has ACS Webinars    
benefited you? 

 

 ® 

Quote in reference to: http://bit.ly/TacklingToxics 
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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 one week after 
the Live broadcast date. 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 
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ChemIDP.org 

Upcoming ACS Webinars 
www.acs.org/acswebinars 

10 

Thursday, September 22, 2016 
 

Chemistry of Longevity: Rapamycin's Secret Past and 
Potential for a Longer Life 
 

Matt Kaeberlein, Professor of Pathology, University of Washington 
 

Bethany Halford, Senior Editor, Chemical & Engineering News 

Thursday, September 15, 2016 
 

Unveiling the Mysteries Behind HPLC and GC 
Resolution: From Theory to Practice in 30 minutes 
 

Lee Polite, President and Laboratory Director, Axion Analytical Labs, Inc. and 
Axion Training Institute, Inc. 
 

Bryan Tweedy, Manager, Career and Professional Resources, American 
Chemical Society 

Contact ACS Webinars ® at acswebinars@acs.org  
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www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

 

“Systems Thinking To Re-imagine Chemistry” 

This ACS Webinar is being co-produced by the ACS Green Chemistry Institute 

Peter Mahaffy 
Professor of Chemistry, The King's 

University and Co-director, The King’s 

Centre for Visualization in Science 

Alain Krief,  
Emeritus Professor, Namur University and 

Executive Director, International Organization 

for Chemical Sciences in Development 

Joseph Fortunak 
 Professor of Chemistry,  

Howard University 

Teaching & Learning as if they were Inextricably Linked Systems Thinking To Reimagine Chemistry 

12 
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Assertion 
“The practice and overarching mission of chemistry 
needs a major overhaul to be fit for purpose in the 

21st Century and beyond.” 

Systems Thinking To Reimagine Chemistry 

13 

“To advance the broader chemistry enterprise and its 
practitioners for the benefit of Earth and its people.”  

• Understanding properties and behaviour of substances 

• Platform for developing other “molecular” sciences – i.e. biochemistry, 
molecular biology, materials, nanosciences… 

• Diverse applications that have improved the human condition, vastly 
expanded the wealth of some countries 

– Medicines 

– Agriculture and food 

– Plastics and synthetic polymers 

– Energy  

– Clean water 

– Materials 

Chemistry: Outstanding Successes Over 2 Centuries! 

14 
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Chemistry…for the benefit of Earth’s people… 

   “When you travel in Hunan or Jiangsu, through the Nile Delta 
or the manicured landscapes of Java, remember that the 
children running around or leading docile water buffalo got 
their body proteins via the urea their parents spread on the 
fields, from the Haber–Bosch synthesis of ammonia. Without 
this, almost two-fifths of the world’s population would not be 
here - and our dependence will only increase as the global 
count moves from six to nine or ten billion people.”  

 
 

Vaclav Smil  
University of Manitoba 

15 

But 7.4 Billion People Also Create  
Multiple Unfolding Global Challenges 

www.stephenbolwell.com 
16 
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A Failure of Systems Thinking? 

Mahaffy, Bucat, Tasker, et. al, Chemistry:  Human Activity, Chemical Reactivity, Nelson/Cengage, 2015, 
adapted from J. N. Galloway & E. B. Cowling, 31, Ambio, March 2002  
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Multiple Unfolding Global Challenges 
Both for Earth and Its People 

Stockhomresilience.org 

WELCOME TO THE 

ANTHROPOCENE 

PLANETARY 

BOUNDARIES 

18 

Marc Imhoff, Craig Mayhew, Robert Simmon NASA/GSFC; 

Christopher Elvidge NOAA/NGDC 
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Multiple Unfolding Global Challenges 
Both for Earth and Its People 

Stockhomresilience.org 

WELCOME TO THE 

ANTHROPOCENE 

PLANETARY 

BOUNDARIES 

19 

Marc Imhoff, Craig Mayhew, Robert Simmon NASA/GSFC; 

Christopher Elvidge NOAA/NGDC 

UNDP.ORG 

20 
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Multiple Unfolding Global Challenges 
Both for Earth and Its People 

Stockhomresilience.org 

WELCOME TO THE 

ANTHROPOCENE 

PLANETARY 

BOUNDARIES 

21 

Marc Imhoff, Craig Mayhew, Robert Simmon NASA/GSFC; 

Christopher Elvidge NOAA/NGDC 
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• Thresholds are “tipping 
points,” places: non-
linear transitions in the 
functioning of coupled 
human-environmental 
systems. 

 

• Planetary boundary:  
Remain at safe distance 
from the threshold 

W. Steffen et al., Science 347, (2015). 

DOI: 10.1126/science.1259855 
23 

Steffen et. al, 16 January 2015, Science 

Core 
boundaries 

24 
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Multiple Unfolding Global Challenges 
Both for Earth and Its People 

Stockhomresilience.org 

PLANETARY 

BOUNDARIES 

WELCOME TO THE 

ANTHROPOCENE 

25 

Marc Imhoff, Craig Mayhew, Robert Simmon NASA/GSFC; 

Christopher Elvidge NOAA/NGDC 
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Adapted from Young and Steffen, 2009 
28 
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Indicators of the Anthropocene in recent lake 
sediments differ markedly from Holocene signatures. 

Colin N. Waters et al. Science 2016;351:aad2622 

• Many other indicators differ 
markedly from Holocene 
signatures - plastics, fly ash, 
radionuclides, metals, 
pesticides, reactive nitrogen, 
greenhouse gas impacts.  
 

• Greenland glacier retreat due to 
climate warming gives an 
abrupt stratigraphic transition 
from proglacial sediments to 
nonglacial organic matter, 
marking the onset of the 
Anthropocene.  

  
29 

30 

Audience Survey Question 
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT 

• the UN Sustainable Development Goals 
 

• The planetary boundaries framework 
 

• the change in our Geologic Time Scale to the 
Anthropocene Epoch 
 

• None of the above 
 

 

Have you related chemistry using any of the following? 
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Addressing Multiple Unfolding Global Challenges 
Do they Require an Overhaul of Chemistry?  

31 

Marc Imhoff, Craig Mayhew, Robert Simmon NASA/GSFC; 

Christopher Elvidge NOAA/NGDC 

Systems Thinking To Reimagine Chemistry 

32 
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An International Organization for Chemical Sciences in 
Development (IOCD) Initiative 

Promoting chemical sciences for human 

development and economic growth  

Prof. Glen Seaborg 
IOCD President (1981-1999) 

Prof. Jean-Marie Lehn (Strasbourg) 
IOCD President (1999-) 

33 

• Reimagined chemistry – Must go beyond ‘being a 
science’ to ‘being a science for the benefit of society.’ 

• Triple role:  

1) creating new scientific knowledge 

2) translating knowledge into useful applications  

3) helping to meet the emergent challenges of 
multiple unfolding global crises. * 

 *a new imperative for chemistry 

Systems Thinking To Reimagine Chemistry 

34 
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• “Overhaul” to bring much stronger basis in systems 
thinking, including life-cycle analyses. 

• Chemistry cannot be considered apart from its contexts 
and many interconnected systems. 

• Human and animal health are interconnected to 
biophysical parameters and boundaries of our planet. 

• Special responsibility for chemistry in meeting UN 
Sustainable Development Goals 

Implications for Industry and Chemistry Practice 

35 

Systems Thinking To Reimagine Chemistry 

Implications for Chemistry Education 
• Re-orient teaching and learning to focus on ‘a science 

for the benefit of society’. 

• Emphasis on problem solving 

• Systems perspective that includes physical, biological, 
environmental, and other systems 

• Chemistry must be taught in contexts – not just the 
context of ‘applications’ but relevance to society, 
contribution to meeting global challenges, and fostering 
skills in cross-disciplinary working 

 

Systems Thinking To Reimagine Chemistry 

36 
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Systems Thinking can Transform Chemistry 
Are There Good Examples? 

37 

Emerging Systems Thinking in  
the Practice of Chemistry  

Green Chemistry and Engineering - Go beyond concerns 

over hazards from toxicity to include chemical & engineering 
systems – energy conservation, waste reduction, life cycle 
considerations, including sustainable and renewable feedstocks.  

1985 – Chemistry Industry 
Association of Canada 

1993 – US EPA implements 
green chemistry program  
1997 ACS Green Chemistry 
Institute incorporated 

38 
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• Reaction efficiency:  Minimizing the quantities of 
chemicals (reactants, reagents, solvents, etc.), energy and 
water used to make a chemical, material or product 

• Efficiency metrics:  Calculating efficiency of reactions or 
processes, for example through process mass intensity, 
atom economy or other efficiency metrics 

• Renewables: Utilizing renewable feedstocks in place of 
petroleum feedstocks 

• Catalysis and recycling:  Replacing stoichiometric reagents 
with catalysts or recycling reagents or solvents 

• Process efficiency: Reducing the number of synthetic/ 
process steps to produce chemicals, materials and 
products 
 

 

Emerging Systems Thinking in the Practice of Chemistry – 
Green Chemistry Principles 

39 

• Lifecycle impacts of chemicals: Understanding how 
chemicals are produced and the social, environmental 
and economic impacts of their extraction or manufacture 

• Chemicals in the environment: Understanding the fate, 
persistence and degradability of man-made chemicals in 
the environment 

• Chemical hazards and exposure: Identifying 
environmental, safety and health hazards, as well as 
potential sources of exposure.  Selection and design of 
chemicals that are less hazardous alternatives to known 
chemicals and products 

 

Emerging Systems Thinking in the Practice of Chemistry – 
Green Chemistry Principles 

40 
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Mission: To catalyze the implementation of green chemistry 
and engineering in the pharmaceutical industry globally 

Inform and Influence 
the Research Agenda 

Define and Deliver 
Tools for Innovation 

Promote Education 
and Training 

Enable Global 
Collaboration 

Strategic Priorities 

ACS GCI Pharmaceutical Industry Roundtable 

41 

 Current Reactions 

• Amide Formation, OH activation, Amide Reduction, 
Green Mitsunobu reactions, Oxidation/Epoxidations 

More Aspirational Reactions 

• C-H activation or aromatics, chiral amine synthesis, 
Asymmetric Hydrogenation, Green Fluorination 
Methods, N-Centred Chemistry 

 Key Ideas outside the Reaction theme 

• Solventless Reactor Cleaning 

• Green alternatives to polar aprotic solvents 

*Constable, et. al. Green Chemistry 2007, 9, 411-420 

Key Research Challenges Identified by ACS GCI 
Pharmaceutical Industry Round Table 

42 
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Recipient University Year 

J. Xiao University of Liverpool 2007 

R. Maleczka & M. Smith Michigan State University 2007 

C.J. Li McGill University 2008 

M. Krische University of Texas- Austin 2008 

R. Crabtree Yale University 2009 

D. Cole-Hamilton University of St. Andrews 2010 

S. Stahl University of Wisconsin-Madison 2011 

R. Maleczka (GOALI) MSU 2011 

W. Zhang UMass-Boston 2011 

Recipient University Year 

C. Liotta Georgia Institute of Technology 2012 

N. Garg UCLA 2012 

J. Scott University of Bath 2013 

D. Weix University of Rochester 2013 

P. Chirik Princeton University 2013 

N. Mankad University of Illinois – Chicago 2014 

M. Bellar Leibniz-Institut für Katalyse 2014 

$1,845,980 in grants (21 
total) have resulted in 
64 publications that 
have been cited 2272 
times! 

$1.3 million leveraged 
from federal funding 
agencies 

Catalyzing Systems Thinking: ACS GCI 
Pharma Round Table research Grants 

43 

Turning Systems Thinking into Practice: 
Tools Such as Solvent Selection Guides 

44 
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Report of the Second Workshop on Ethical Guidelines for the Practice of Chemistry under the Norms of the Chemical Weapons 
Convention, Sept 2015 

Emerging Systems Thinking in the Practice of Chemistry 
– The Hague Ethical Guidelines 

45 

• Starting Point. The responsible practice of chemistry 
improves the quality of human life and the 
environment, while recognizing that chemicals can be 
misused - including the use of chemicals and 
technologies to produce chemical weapons. 

• Core guideline.  Achievements in the field of chemistry 
should be used for the benefit of humankind and the 
environment. 

Emerging Systems Thinking in the Practice of Chemistry 
– The Hague Ethical Guidelines 

46 
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• Sustainability – Responsibility to address UN Sustainable Development 
Goals 

• Education – Equip practitioners and others with the knowledge and 
tools to take responsibility to ensure that chemicals are used only for 
beneficial and peaceful purposes. 

• Awareness & Engagement – Multiple uses of chemicals 

• Ethics – education, research and innovation must meet the highest 
ethical standards 

• Promote a strong culture of safety, health, and security 

• Accountability to avoid illegal, harmful, or destructive uses of chemicals 

• Oversight – responsibility extends to those who oversee non-chemists 

• Promote the free exchange of information related to the development 
of chemistry for peaceful and beneficial purposes. 

 

Key Elements of The Hague Ethical Guidelines 

47 

Emerging Systems Thinking in Chemistry  

Is it Comprehensive and Fast Enough? 

48 
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Audience Survey Question 
ANSWER THE QUESTION ON BLUE SCREEN IN ONE MOMENT 

• True 
 

• False 
 
 

I believe systems thinking in chemistry is  emerging 
rapidly and comprehensively enough to address these 
multiple unfolding global challenges. 

Systems Thinking: Comprehensive & Fast Enough? 

50 
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The Challenge for Re-imagination of Chemistry 
Education to Embrace Systems Thinking 

P. Mahaffy,  (2014) Telling Time: Chemistry Education in the 
Anthropocene Epoch.  J. Chem. Educ. 91, 463-465 (guest editorial). 

51 

General Chemistry Educator’s View 

Chemistry For the Benefit of Earth & Its People 

52 
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Cooper, M. The Case for Reform 

of the Undergraduate General 

Chemistry Curriculum. J. Chem. 

Educ. 2010, 87, 231-232 

Gilbert, J. K. On the Nature of 

"Context" in Chemical 

Education. International Journal 

of Science Education 2006, 28, 

957-976 

Johnstone, A. H. You Can't Get 

There from Here. J. Chem. Educ. 

2010, 87, 22-29. 

The View of Chemistry Learners? 

Clusters of 
isolated facts 

Theoretical ideas 
unconnected to 

life 

Difficulty 
transferring 
learning to 

new 
problems 

Emphasis on 
memorization 
and algorithms 

Overemphasis on 
future study in 

chemistry, less on 
chemical literacy 

“A disjointed trot through a host of unrelated topics” 
(M. Cooper)  

Pedagogies of 
transmission, not 

engagement 

Chemistry For the Benefit of Earth & Its People 

53 

Emerging Systems Thinking in  
Chemistry Education – Examples   

54 



9/8/2016 

28 

Emerging Systems Thinking in  
Chemistry Education – Examples   

55 

How Could the Green Chemistry  
Education Roadmap Help Educators? 

The Road map will define and clarify the needs for green 
chemistry education and… 
• Make it easier to find and adopt the best materials and 

approaches 
• Make it easier to get funding to develop and adopt materials 
• Build capacity to adopt and teach green chemistry topics and 

themes 
• Build capacity to create and develop innovative new materials  
 

Resulting in.. 
• Clearer learning objectives and assessment 
• Increased impact of teaching efforts 
• Greater opportunities to engage in green chemistry education 

56 
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Emerging Systems Thinking in  
Chemistry Education – Examples   

57 

Connect 
knowledge 

Content 
knowledge 

Authentic 
under-

standing : 
nature of 
science 

Equip for 
complexity 

& 
uncertainty 

Application 
to 

important  
challenges 

Macro/ 
micro/ 

symbolic 

Skills and 
techniques 

“Think like 
a chemist” 

Communi-
cation, 

teamwork, 
Professionali

sm  

Indepen-
dent & 
critical 

thinking 

Equip for 
complexity 

& 
uncertainty 

Post-Secondary Chemistry:  
Course Level Goals & Learning Outcomes 

58 
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• The implementations of case studies or context-based learning 
that provide deep and rich opportunities for learning diverse 
concepts through contexts, and that nurture the use of higher 
order cognitive skills to connect concepts and apply the 
knowledge gained to new contexts. 

• Motivating context is the starting point to develop scientific 
content for students rather than the more traditional approach of 
systematically building up general chemistry concepts and then 
introducing applications of those ideas.” 

• Potential to facilitate achieving affective domain objectives 

P. Mahaffy, (2015). Chemistry Education and Human Activity, Chapter 1 in 
Chemistry Education: Best Practices, Opportunities and Trends, Garcia, J. Ed., 
Wiley-VCH: Weinheim.  

Systems Thinking:  Teaching/Learning  
from Rich Contexts 

59 

Emerging Systems Thinking in  
Chemistry Education – Examples   

60 
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ACS Sustainable Chem. Eng. 2014, 2, 2488−2494 

www.VC3chem.com 

61 

Chemistry 
conceptions 

Climate 
conceptions 

Map core 
curriculum 
& Climate 
literacy 

Design 
interactive 
materials 

Assess 
student 
learning 

Tripartite 
learning 

outcomes 

Disseminate 

62 

http://www.vc3chem.com/
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Rich Context Concept Questions that Nurture Systems 
Thinking in Students 

• Isotopes: How is 800,000 years of temperature data 
determined from ice core samples? 

• Gases: Which atmospheric gases support life directly? 
Which gases support life by regulating the energy 
balance of our planet?  

• Acids/Bases: How does atmospheric carbon dioxide 
influence the pH of the ocean? What are the implications 
for marine ecosystems? 

• Thermochemistry: How is the way we power our planet 
altering Earth's energy balance?   

www.VC3Chem.com 63 

Steffen et. al, 16 January 2015, Science 64 
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Steffen et. al, 16 January 2015, Science 65 

Steffen et. al, 16 January 2015, Science 66 
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www.kcvs.ca 

The Other CO2 Problem 
Effect of pH on Speciation of Carbon 

www.explainingclimatechange.com 

Mahaffy, Bucat, Tasker, et. al, Chemistry:  
Human Activity, Chemical Reactivity, 
Nelson/Cengage, 2015. 

67 

Emerging Systems Thinking in  
Chemistry Education – Examples   

68 

../../../../KCVS/KCVS 2013/Ocean pH CO2/pHCO2grapher3.swf
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– We must meaningfully include systems thinking and multiple 
unfolding global challenges in our learning objectives and 
assessments! 

– One small step:  Proposal underway for an IUPAC project to 
articulate program and course level learning objectives based on 
systems thinking and with the goal of helping the next generation 
to guide human development on our rapidly changing planet. 

– Recommend change strategies for implementation 

– Consider how to best assess completion of these LO, including in 
program accreditation standards and incorporation into 
standardized exams.  

 Contact peter.mahaffy@kingsu.ca for more information 

How can chemistry education be re-imagined to 
better help the next generation guide human 
development on a rapidly changing planet?  

69 
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P. Mahaffy, (2015). Chemistry Education 

and Human Activity,  

Chapter 1 in Chemistry Education: Best 

Practices, Opportunities and Trends, 

Garcia, J. Ed., Wiley-VCH: Weinheim.  

Taking it Further 

P. Mahaffy,  (2014) Telling Time: Chemistry 

Education in the Anthropocene Epoch.  J. 

Chem. Educ. 91, 463-465 (guest editorial). 

71 

Taking it Further 

www.oneworldchemistry.org/ 

72 
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Thank You! 

peter.mahaffy@kingsu.ca 
www.kcvs.ca 

alain.krief@unamur.be 
www.oneworldchemistry.org 
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Upcoming ACS Webinars 
www.acs.org/acswebinars 
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Thursday, September 22, 2016 
 

Chemistry of Longevity: Rapamycin's Secret Past and 
Potential for a Longer Life 
 

Matt Kaeberlein, Professor of Pathology, University of Washington 
 

Bethany Halford, Senior Editor, Chemical & Engineering News 

Thursday, September 15, 2016 
 

Unveiling the Mysteries Behind HPLC and GC 
Resolution: From Theory to Practice in 30 minutes 
 

Lee Polite, President and Laboratory Director, Axion Analytical Labs, Inc. and 
Axion Training Institute, Inc. 
 

Bryan Tweedy, Manager, Career and Professional Resources, American 
Chemical Society 

Contact ACS Webinars ® at acswebinars@acs.org  
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Emeritus Professor, Namur University and 

Executive Director, International Organization 

for Chemical Sciences in Development 

Joseph Fortunak 
 Professor of Chemistry,  
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“This ACS Webinar allowed me as an undergraduate 
student explore more of how chemistry can be used to 
change and benefit the world. With my graduation 
coming in a few weeks I'm reassured that there is a 
whole network of professionals who share the same 
passion for creating a healthier planet.” 
 

 
 
 
Emily Dowdy 
Bachelor of Science, Chemistry 
Moravian College Class of 2016  

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

 
How has ACS Webinars    
benefited you? 

 

 ® 

Quote in reference to: http://bit.ly/TacklingToxics 
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youtube.com/acswebinars 

Search for “acswebinars” and connect! 
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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. 

80 

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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Upcoming ACS Webinars 
www.acs.org/acswebinars 
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Thursday, September 22, 2016 
 

Chemistry of Longevity: Rapamycin's Secret Past and 
Potential for a Longer Life 
 

Matt Kaeberlein, Professor of Pathology, University of Washington 
 

Bethany Halford, Senior Editor, Chemical & Engineering News 

Thursday, September 15, 2016 
 

Unveiling the Mysteries Behind HPLC and GC 
Resolution: From Theory to Practice in 30 minutes 
 

Lee Polite, President and Laboratory Director, Axion Analytical Labs, Inc. and 
Axion Training Institute, Inc. 
 

Bryan Tweedy, Manager, Career and Professional Resources, American 
Chemical Society 

Contact ACS Webinars ® at acswebinars@acs.org  


