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Graduate research in mechanochemistry



Lessons learned

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

LC50 ≤�2.0 mg/L
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Using a green chemistry metric

• Yield
• Atom economy (Trost, Barry. Science, 1991, 254, 1471-1477.)

• E-factor (Sheldon, Roger A. Green Chem., 2017, 19, 18-43.)

• Reaction mass efficiency (Green Chemistry Metrics)

• EcoScale (Van Aken et.al. Beilstein J. of Org. Chem. 2006, 3.)
Explicitly 
addresses 
safety

Prevent 
waste



The Wittig reaction as an example

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.



The EcoScale

Van Aken, Koen; Strekowski, Lucjan; Patiny, Luc. “EcoScale, a semi-quantitative tool to select an organic preparation based on economical and 
ecological parameters.” Beilstein J. of Org. Chem. 2006, 3.
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Wittig reaction comparison

Van Aken, Koen; Strekowski, Lucjan; Patiny, Luc. “EcoScale, a semi-quantitative tool to select an organic preparation based on economical and 
ecological parameters.” Beilstein 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
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Green Chemistry class

• Designed at UC by 5 graduate students with help 
from some faculty members

• Taught as an online course in the spring starting in 
2017

• Taught at Xavier as a face-to-face class (Fall 2017)

Haley, Rebecca; Ringo, Jessica; Hopgood, Heather; Denlinger, Kendra Leahy; Das, Anushree; Waddell, Daniel. 
“Graduate student designed and delivered: An upper-level online course for undergraduates in green chemistry 
and sustainability.” Journal of Chemical Education, 2018, 95, 560–569.



Green chemistry class overview

Haley, Rebecca; Ringo, Jessica; Hopgood, Heather; Denlinger, Kendra Leahy; Das, Anushree; Waddell, Daniel. 
“Graduate student designed and delivered: An upper-level online course for undergraduates in green chemistry 
and sustainability.” Journal of Chemical Education, 2018, 95, 560–569.



12 Principles

Greener chemistry is very often 
safer chemistry, and safer 
chemistry is very often greener 
chemistry!



Hazard 
Identification



Green Chemistry Metrics

http://ecoscale.cheminfo.org/calculator



Alternatives: Solvents

http://www.rsc.org/suppdata/gc/c0/c0gc00918k/c0gc00918k.pdf
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Where else could safety be incorporated?

http://www.acs.org/safety

Hill and Finster Laboratory Safety for Chemistry Students



Where else could safety be incorporated?

Recognize the 
hazards and assess 
the risks.

What if the risk is 
too high?

Green chemistry.

https://ehs.princeton.edu/news/elements-of-safety-poster-acs
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In what other courses could you 
teach safety?
• All of them…duh!
• Undergraduate organic chemistry laboratory

• Division of Chemical Health and Safety Innovative 
Project Grant to design an electronic tool to guide 
students through the process of risk assessment



eRAMP

https://www.acs.org/content/acs/en/ch
emical-safety/hazard-assessment/ways-
to-conduct/job-hazard-analysis.html



eRAMP

denlingerk@xavier.edu



Summary

• There is room in green chemistry research groups 
for chemical safety and risk assessment, especially 
in choosing comparison techniques

• Green chemistry class already incorporated some 
key concepts of chemical safety, but there is room 
to explicitly add risk assessment topics such as 
RAMP

• DCHAS will be releasing an eRAMP tool for the 
undergraduate organic chemistry laboratory
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