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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? 
 

2 

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. 

4 

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 was a great ACS Webinar, incorporating 
safety with green chemistry and solid/solid 
reactions. I am excited to spend more time on the 
ACS Hazard Analysis website to add to the Risk 
Assessment tools we use.” 

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

 
How has ACS Webinars    
benefited you? 

 

 ® 

http://bit.ly/ACShazards 

Kathy Wall  MS, Chemistry Lab Coordinator 
Waubonsee Community College,  
ACS member for 13 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://www.gcande.org/registration 

Upcoming ACS Webinars 
www.acs.org/acswebinars 

10 

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, June 1, 2017 
 

Advances in Graphene Nanotechnology: Making the 
Paralyzed Walk 
Co-produced with ACS Industry Member Programs, ACS Committee on Corporation 
Associates, and C&EN 
 

James Tour, W. F. Chao Professor of Chemistry, Professor of Computer Science, and 
Professor of Materials Science and NanoEngineering, Rice University 
 

William Sikkema, Ph.D. Candidate, Rice University 
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www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

Nanomaterial Design Guided by the Principles of Green Chemistry 

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

Joe Fortunak 
Professor of Chemistry,  

Howard University Jim Hutchison 
Lokey-Harrington Chair in Chemistry 

Materials Science Institute 

University of Oregon 

Professor Jim Hutchison 
Lokey-Harrington Chair in Chemistry 

Materials Science Institute 

University of Oregon 

12 



5/18/2017 

7 

• Applying green chemistry 

principles and tools to nano 

 

 

• Designing greener 

nanoscale building blocks 

 

 

 

• Designing for product 

innovation and 
commercialization 

13 

Functional, nanoscale 

architecture! 

14 

Abundant clean energy from the sun 

High performance energy storage and use 

Drinkable water for everyone around the world 

Enhanced medical diagnostics and therapies 

Clean, sustainable chemical production 
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(PPh3)AuCl 
B2H6 

benzene 

Schmid, G.  Inorg. Synth. 1990, 27, 214 15 

(PPh3)AuCl 
B2H6 

benzene 

Schmid, G.  Inorg. Synth. 1990, 27, 214 16 

http://imgur.com/gallery/hWOrS 

Hazardous, wasteful, low yields, 

batch-to-batch variation, impure 

samples (or unknown purity), little 

mechanistic knowledge to guide 

synthesis, expensive… 
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Do new properties 

contribute to: 

Toxicity? 

Ecotoxicity? 

Persistence? 

Bioaccumulation? 

 

17 

Nanomaterials 
Nano-

intermediates 
Nano-enabled 

products 

Lux Research, 2007 

Origins 

Of Materials 
Manufacturing Distribution Use End of Life 

Apply 12 principles of green chemistry to 

•  reduce hazards and 

•  minimize impacts of production 

•  across the value chain and lifecycle of nanomaterials 

McKenzie and Hutchison Chemistry Today, 2004, 30 

Dahl; Maddux; Hutchison  Chem. Rev. 2007, 107, 2228 

Hutchison ACS Nano 2008, 2, 395 18 

 

Molecular-level design to maximize net environmental benefits (in 

the context of alternatives) 



5/18/2017 

10 

How would you describe your knowledge of green 
chemistry and nanotechnology? 

 

 

 

19 

• I have a good working knowledge of green chemistry 
 

• I have a good working knowledge of nanotechnology 
 

• I am knowledgeable about both green chemistry and 
nanotechnology 
 

• Both green chemistry and nanotechnology are new to me 

Roadmap for the rest of this webinar 

20 

molecular 
precursors 

 
reagents 

 
solvents 

SYNTHESIS DESIGN INTEGRATION 

Common themes: 

• Green chemistry can improve performance, lower impact 

• Molecular-level understanding and design are keys to success 

• Successful design improves the net benefit 

• Reducing impact cannot sacrifice needed performance 
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AuCl ( PPh 3 ) 

C 6 H 6 

HAuCl 4  +  PPh 3 

ethanol 

B 2 H 6 

P h 3 P 

C l 

P P h 3 

P P h 3 

P P h 3 

P P h 3 
P h 3 P 

C l 

C l 

Using the new method: 

 - Safer, easier, rapid preparation 

 - Eliminates use of diborane and benzene 

 - Cheaper (~ $500/g vs. “$300,000/g”) 

Weare, et al. J. Am. Chem. Soc. 2000, 122, 12890. 

Hutchison, et al. Inorg. Syn. 2004, 34, 228.  

toluene/water/ TOABr  (1  eq ) 

NaBH 4   (10  eq ) 

21 

RSH 

PPh3 

Cl 

PPh3 

PPh3 

PPh3 

PPh3 

PPh3 

Cl 

Cl 

J. Am. Chem. Soc. 2000, 122, 12890; Inorg. Syn. 2004, 34, 228; J. Am. Chem. 

Soc. 1997, 119, 12384; J. Phys. Chem. B 2002, 106, 9979 

J. Am. Chem. Soc. 

2006, 128, 3190. 

Greener, 

 cheaper, 

  faster, 

   better 

Greener reagents, solvent 

Efficient exchange 

Rapid, effective 

purification 

22 
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• Precise control of core size 

• Precise control of coatings 

• Reproducible 

• Rapid and scalable 

• High yield 

NaBH4 + y NaOH 

Bunte Salt ligand 

HAuCl4 + x NaOH 

T-mixers 

750 μm I.D. 

Teflon tubing 

AuNPs 

Syringe Pumps 

Elliott, E.W. et al., Langmuir, 2015, 31, 11886–11894 23 

Different syntheses, different structures, different 

performance 
 

Important variables: 

- Size, shape, dispersity 

- Dispersibility 

- Targeting groups 
 

vs. 

24 



5/18/2017 

13 

Successful application of green chemistry to 

nanoscience 

• Safer reagents and solvents 

• Improved yields 

• More efficient purification 

• Fewer synthetic steps 

• More mechanistic understanding to guide synthesis 

 

Still to do 

• Further expansion of the synthetic toolbox 

• Need to assess and compare performance as well as 

impacts 

 

25 

26 
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In what ways do nanoparticles differ from molecular 
species? (multiple correct answers possible) 

 

 

 

27 

• Heterogeneity of structure 
 

• Increased surface area 
 

• Polyvalency 
 

• Multiple functional groups 
 

• None of the above 

Pronounced heterogeneity – size, 

shape, surface coating, purity 

Larger size and novel 3-D structure 

(polyvalency) 

Much higher surface areas (and higher 

reactivity) than larger particles 

 

Purification challenging due to high 

surface area and reactivity 

Characterization “bottleneck” 

Richman and Hutchison ACS Nano 2009, 3, 2441-2446 28 
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Rapid in vivo 
evaluation 

Guidelines for Sustainable 
Molecular Design of 

Nanoparticles 

Feedback to design – 

early intervention 

Precision 
nanomaterial 

libraries 
 
 
 
 

Characterization 
 
 
 
 
 

Precise synthesis 
and purification 

29 

30 
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ACS Nano 2011, 5, 4688 
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1.5 nm MEE-AuNPs (neutral) 

0.8 nm MEEE-AuNPs (neutral) 

1.5 nm MEEE-AuNPs (neutral) 

0.8 nm MES-AuNPs (anionic) 

1.5 nm MES-AuNPs (anionic) 

0.8 nm TMAT-AuNPs (cationic) 

1.5 nm TMAT-AuNPs (cationic) 

10 nm TMAT-AuNPs (cationic) 

exposure concentration 
31 

malformations malformations NA 

 
toxic 

 
toxic 

ACS Nano 2011, 4688-97  32 
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Avoid incorporation of toxic elements 

 (Cd2+, Ag+, Zn2+) 

Analogies to materials with similar attributes 

 (CNM vs. PAHs and soot) 

Use SARs to design effective, safer 

materials that possess desired physical 

properties 

Design of safer 

nanomaterials 

(P4,P12) 

Chem. Rev. 2007, 107, 2228 

ACS Nano 2008, 2, 395 

Current understanding:  Toxicity is dictated by the overall dimensions 

and surface coating 
 

Three classes of exceptions so far: 

• Leachable toxic ions 

• Catalytic surfaces if the surface isn’t completely coated 

• Material that doesn’t remain soluble/dispersed 

33 

10 nm 

Nanomaterials 
Nano-

intermediates 
Nano-enabled 

products 

34 
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©2015 Green Strategy 

Laundry:  

Energy, water, 

detergent, etc. 

8000 chemicals used 

1800 gallons of water to 

produce a pair of jeans 

35 

Water use:  Nearly a trillion gallons (1.5 million Olympic-sized swimming 

pools) used in US annually, about 25% of household use 
 

CO2 emissions (mostly drying): 179 million metric tons/year (~25% of 

the CO2 emitted by passenger vehicles in the US) 

 

 

Detergents: 

Lifecycle impacts 
 

https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-

water-really-biggest-laundry-impact (accessed July 2015). 

Eutrophication  

36 

https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
https://center.sustainability.duke.edu/resources/green-facts-consumers/heating-water-really-biggest-laundry-impact
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Polyester is the dominant fabric:  60% of textiles 

  

Persistent odor commonly develops in polyester garments. 

• Bacteria thrive on, and in, the synthetic fibers. 

• Synthetics absorb fatty acids (from sweat) that are food 

for bacteria 

• Bacteria become trapped in fibers – not washed out 

  

What are the consequences of persistent odor? 

• Undesirable for consumers 

• Drives many consumer behaviors 

- More washing 

- More (harsh) detergent use 

- Dispose of garment 
37 

If nanotechnology could reduce odor build up in 
clothing, and reduce the need for laundering, in 
which phases of the lifecycle would impacts be 
reduced? (multiple correct answers possible) 

 

 

 

38 

• Manufacturing 
 

• Transportation 
 

• Use 
 

• Disposal 
 

• Reuse/recycle 



5/18/2017 

20 

• Silver has been used as for centuries: 

dishware, cutlery, jewelry, coins and medical 

applications 

• If nanoAg prevents persistent odor and extends 

garment life, impacts can be reduced 

throughout the lifecycle 

 

• Can nanoAg products be developed to 

enhance performance and minimize impact? 

• If so, is there a net environmental benefit 

across the lifecycle of using nanoAg compared 

to traditional approaches? 

39 

Environ. Sci. Technol., 2008, 42, 4133 and data from Dune Sciences 

Silver was lost rapidly from early nanosilver products 

40 
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L.M. Gilbertson, et al. Chem. Soc. 

Rev. 2015, 44, 5758-5777. 

Measure and compare benefits as well as impacts 

Need to understand the chemistry of these products 

LC impacts of textiles and nanoAg   vs.  functional performance 

41 

Treated fabrics kill more 

than 99% of bacteria after 

more than 50 launderings 

Less silver used (20 

ppm) and much less is 

released 
42 

What happens to 

silver during use? 
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Glover, R.D.; Miller, J.M.; Hutchison, J.E. ACS Nano, 2011, 5, 8950 43 

t = 0 t = 1 t = 3 t = 5 

44 
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The different forms of silver (ions, nanoparticles and bulk metal) 

interconvert 

 

Initial form of silver in the product may not dictate potential hazards 

Design of next generation product: 

• Attach silver so that it is not released from the product 

• Incorporate silver at the lowest possible loading to attain 

performance – nanoparticles are well suited for this 

• Analyze benefits and compare to alternatives 
45 

“Life Cycle Payback Estimates of Nanosilver Enabled Textiles under Different 

Silver Loading, Release, and Laundering Scenarios Informed by Literature 

Review,” A. L. Hicks et al. Environ. Sci. Technol. 2015, 7529–7542. 46 
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“…suggests that shifts in consumer laundering behavior, 

including replacement of RE with HE appliances and line 

drying or reduced laundering as a function of the 

nanoenabled properties of the textile, has the potential to 

significantly reduce laundering impacts, and 

subsequently GHGs. While the median concentration of 

silver (10,800 μg silver/g textile) was used for these 

impact assessments, there is potential for the impacts to 

shift as technology improves (e.g., attachment method, 

functional efficacy).” 

47 

“Potential Environmental Impacts and Antimicrobial Efficacy of Silver- and 

Nanosilver-Containing Textiles,” Reed, R.B et al., Environ. Sci. Technol., 2016, 

50, 4018–4026. 48 



5/18/2017 

25 

Environ. Sci. Technol. 2015, 7529–7542. 49 

Comparing nanoAg to conventional t-shirts 

• Lifespan of conventional t-shirt assumed 

to be 100 washes 

• Graphs show number of launderings of 

nanoAg t-shirt to still gain an 

environmental benefit 

 

Example 

• For ecotoxicity, at 2500 ppm, would have 

to wash < 50 times to accrue a net benefit 

• At 20 ppm, the shirts are nearly equal. If 

consumers wash 50% less, impacts are 

cut nearly in half 

Product development was catalyzed 

by feedback from studies that 

assessed benefits and impacts and 

identified hotspots for innovation 

 

Keys to success: 

• Seek chemical understanding to 

guide design for performance 

• Use lifecycle thinking to identify 

ways to reduce impacts 

• Enhance performance 

• Reduce impact 

• Compare to conventional 

alternatives 

50 
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• Green chemistry improves performance and lowers impact 

• Molecular-level understanding is essential to successful design 

• Life cycle thinking is a powerful approach to identify avenues for 

product development 

• It is important to consider performance as well as impacts, so 

that we do not sacrifice needed performance 

 
51 

molecular 
precursors 

 
reagents 

 
solvents 

SYNTHESIS DESIGN INTEGRATION 

52 
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Reviews and Perspectives 

53 

Hutchison, J.E. “The road to sustainable nanotechnology: Challenges, 

progress and opportunities,” ACS Sustain. Chem. Eng. 2016, 4, 5907–

5914. 

 

Gilbertson, L. M. et al. “Designing Nanomaterials to Maximize 

Performance and Minimize Undesirable Implications Guided by the 

Principles of Green Chemistry,” Chem. Soc. Rev. 2015, 44, 5758-5777. 

 

Hutchison, J. E. “Greener Nanoscience:  A Proactive Approach to 

Advancing Applications and Reducing Implications of Nanotechnology,” 

ACSNano 2008, 2, 395-402. 

 

Dahl, J. et al. “Toward Greener Nanosynthesis,” Chem. Rev. 2007, 107, 

2228-2269. 

 

McKenzie, L. C.; Hutchison, J. E. “Green Nanoscience,” Chimica Oggi 

(Chemistry Today) 2004, 22, 30-33. September 2004. 
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www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

Nanomaterial Design Guided by the Principles of Green Chemistry 

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

Joe Fortunak 
Professor of Chemistry,  

Howard University Jim Hutchison 
Lokey-Harrington Chair in Chemistry 

Materials Science Institute 

University of Oregon 
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http://www.gcande.org/registration 

Upcoming ACS Webinars 
www.acs.org/acswebinars 

56 

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, June 1, 2017 
 

Advances in Graphene Nanotechnology: Making the 
Paralyzed Walk 
Co-produced with ACS Industry Member Programs, ACS Committee on Corporation 
Associates, and C&EN 
 

James Tour, W. F. Chao Professor of Chemistry, Professor of Computer Science, and 
Professor of Materials Science and NanoEngineering, Rice University 
 

William Sikkema, Ph.D. Candidate, Rice University 
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www.acs.org/acswebinars 
Slides available now! Recordings are an exclusive ACS member benefit. 

Nanomaterial Design Guided by the Principles of Green Chemistry 

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

Joe Fortunak 
Professor of Chemistry,  

Howard University Jim Hutchison 
Lokey-Harrington Chair in Chemistry 

Materials Science Institute 

University of Oregon 
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“This was a great ACS Webinar, incorporating 
safety with green chemistry and solid/solid 
reactions. I am excited to spend more time on the 
ACS Hazard Analysis website to add to the Risk 
Assessment tools we use.” 

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

 
How has ACS Webinars    
benefited you? 

 

 ® 

http://bit.ly/ACShazards 

Kathy Wall  MS, Chemistry Lab Coordinator 
Waubonsee Community College,  
ACS member for 13 years strong!  
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youtube.com/acswebinars 

Search for “acswebinars” and connect! 

60 

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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61 

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, June 1, 2017 
 

Advances in Graphene Nanotechnology: Making the 
Paralyzed Walk 
Co-produced with ACS Industry Member Programs, ACS Committee on Corporation 
Associates, and C&EN 
 

James Tour, W. F. Chao Professor of Chemistry, Professor of Computer Science, and 
Professor of Materials Science and NanoEngineering, Rice University 
 

William Sikkema, Ph.D. Candidate, Rice University 


