


Welcome to the 
Green Chemistry Connections 

Webinar Series

Host:
Natalie O’Neil, Ph.D.
Higher Education Program Manager, Beyond Benign 
@natjoneil



Logistics

Recording and supporting documents will be available: https://www.beyondbenign.org/he-webinars/

Submit questions in the Control/Chat box on the Control Panel

Natalie O’Neil, Ph.D.
Program Manager, Higher Education

Beyond Benign
@natjoneil

Coming June 2020 

https://www.beyondbenign.org/he-webinars/


What is the GCC?

The Green Chemistry Commitment (GCC) is a consortium 

program that unites the green chemistry community around shared 

goals and a common vision to:

o expand the community of green chemists

o grow departmental resources

o share best practices in green chemistry education

o affect systemic and lasting change in chemistry education

https://www.beyondbenign.org/he-green-chemistry-

commitment/

https://www.beyondbenign.org/he-green-chemistry-commitment/


Join the conversation online!

@beyondbenign
#GreenChemistry

https://www.facebook.com/beyondbenign/
Juliana Vidal

Communications Intern 
Beyond Benign
@juliana_lvidal

https://www.facebook.com/beyondbenign/


































The DOZN™ system was verified and validated by third party and also published 

(https://pubs.acs.org/doi/pdf/10.1021/acssuschemeng.6b02399)

https://pubs.acs.org/doi/pdf/10.1021/acssuschemeng.6b02399




The  DOZN™ 2.0 DEMO Video can be accessed once you 
create a DOZN™ 2.0 Account 
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Employing the 
DOZN™ 2.0 tool in the 

Undergraduate Curriculum 

Irv Levy, Simmons University, Beyond Benign
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Wrestling with social distancing

▪ How to teach labs

▪ Virtual vs. simulated vs. marathon vs. “next” semester

▪ At home labs

▪ Creative moment for new possibilities that are not currently in 

the curriculum
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Here’s where DOZN™ 2.0 comes in

▪ A new experience for students who will gain

▪ Deeper appreciation of green chemistry

▪ Including ability to discern greener approaches and key 

areas for improvement of a process

▪ Better understanding of the value of an SDS

▪ Familiarity with a genuine industrial tool



z

Benefits to using DOZN™ 2.0

▪ Freely available after registration at  

https://bioinfo.milliporesigma.com/dozn/

▪ Showcases to your students that your personal focus on green 

chemistry is not isolated

▪ Significant, non-trivial, team-amenable experience that can be 

facilitated in Zoom breakout rooms

https://bioinfo.milliporesigma.com/dozn/
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The problem with a very green lab 
curriculum

▪ Can it be improved?

▪ Do students understand the green development work that you 

have done?
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Case study, Synthesis of benzaldehye
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Classic 1978 synthesis

▪ Glaros, G. The Oxidation of Primary Alcohol to Aldehydes with 

Pyridinium Chlorochromate. J. Chem. Educ.  1978, 55, 410.

▪ Semi-macroscale; 500 mL RBF; 100 mmol
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Many Greener Alternatives

▪ The green and effective oxidation of alcohols to carboxylic acids with molecular 

oxygen via biocatalytic reaction

▪ Green and Efficient: Iron-Catalyzed Selective Oxidation of Olefins to Carbonyls 

with O2

▪ Selective oxidation of alcohols and aldehydes over supported metal 

nanoparticles 

▪ Ionic Liquids in Selective Oxidation: Catalysts and Solvents.

▪ Silver catalysts for liquid-phase oxidation of alcohols in green chemistry: 

Challenges and outlook

▪ The green and effective oxidation of alcohols to carboxylic acids with molecular 

oxygen via biocatalytic reaction
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Our choice

▪ Ming-Lin, G.; Hui-Zhen, L. Selective oxidation of benzyl alcohol to 

benzaldehyde with hydrogen peroxide over tetra-alkylpyridinium

octamolybdate catalysts. Green Chem. 2007, 9, 421-423. 

▪ Pedagogical advantages:

▪ Novel catalyst; compared to 50% stoichiometric excess of PCC 

Tetrakis(benzyltriethylammonium) octamolybdate

(C13H22N)4[Mo8O26]

▪ Demonstrates organometallic synthesis

▪ Uses benign 3% hydrogen peroxide as oxidizer (cf. paper 15%)
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Walkthrough of benzaldehyde analysis

▪ To begin – collect data from the Experimental Method (use the 

template)

▪ Substance

▪ Supplier, catalog #

▪ Amount (mass) may require calculations

▪ SDS files
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Substances, classic method, 
begin with product
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B score – Biohazard score

Locate the SDS and check section 10.6 for hazardous decomposition products.

If there is no data, then use the B score for the material; otherwise, check section 12 of 

the SDS and use the info to determine the B score. If you would arrive at different B 

scores for different degradation products, use the higher number for the DOZN B score. 

Remember that, for the B Score, higher number is a more hazardous substance.

element
GHS 

Category 1

GHS 

Category 2

GHS 

Category 3

GHS 

Category 4

Acute 

aquatic toxicity
≤ 1.00mg / L

> 1.00 but 

≤ 10.0 mg/L

> 10.00 but 

≤ 100.0 mg/L
> 100 mg/ L

Chronic aquatic 

toxicity, NOEC 

(fish, daphnia)

≤ 1.00mg / L
> 1.00 but 

≤ 10.0 mg/L

> 10.00 but 

≤ 100.0 mg/L
> 100 mg/ L

B Score 4 3 2 1
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Using the SDS

▪ Acute aquatic GHS category 2; B score = 3

▪ Hint: Levy’s Rule of Five
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Reactants, Pyridinium Chlorochromate
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B score: 4

▪ Acute/chronic aquatic GHS Category 1; B score = 4
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Solvents, methylene chloride

▪ 170 mL per run (1978 method); need density to calculate mass 

(typical sources including section 9 in SDS)

▪ 226 g CH2Cl2
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B Score

• Necessary info is not in section 2; on to 12.1
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B Score

• Daphnia between 10 and 100 mg / L; therefore, B Score = 2



z

Solvents, diethyl ether (250 mL!)

▪ 178 g diethyl ether
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Continue to gather data

substance amount (mL) density amount (g) FW mmol Company catalog # B-score comments

PCC 32.3 215.56

Sigma-

Aldrich 190144 4 pick the first

methylene 

chloride 170 1.33 226.1

Sigma-

Aldrich M1550000 2

benzyl 

alcohol 10.8 108.14 99.87

Sigma-

Aldrich 305197 1 100-1000

120 min total, swirl or magnetic stirring

diethyl ether 250 0.71 177.5

Sigma-

Aldrich 296082 1

alumina 10

Sigma-

Aldrich 199974 1

fractional distillation - 90 min?

benzaldehyde 

(30-80%) 7.418 106.12 69.91

Sigma-

Aldrich 418099 3 short term aquatic: 2

calculated 70% yield
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Now enter the data into DOZN™ 2.0

▪ Enter the product information first

▪ Reaction conditions for various “phases” of the process; with 

their own temperature or pressure.
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▪ Enter the product information

▪ Reaction conditions for various “ph.
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Tips on answering Raw Materials 
queries in DOZN™ 2.0

Waste?

▪ Only if it is discarded wholly in the process. If it is incorporated into 

the product in any way, or is an acid or base used to change the pH 

of the product, then it is not waste. (yes for catalysts unless 

reused? Yes for oxidizing agents)

▪ Categories (students must develop ability to make good, defensible 

choices. This will be very uncomfortable for some at first)

▪ Semi-solid; containment/land disposal

▪ Semi-solid; incinerated (e.g. organic solvents) ; most common choice

▪ Solid; non-hazardous (e.g. drying agents)

▪ Waste water; semi-hazardous (i.e. aqueous acids, bases and salts)
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Tips on answering Raw Materials 
queries in DOZN™ 2.0

Is it renewable?

▪ Select Yes only if using a 

renewably sourced

product, e.g.  ethanol from 

fermentation (Yes) vs. from 

petroleum (No); a material 

that meets the USDA 

definition of “biobased

product” as described by 

the biopreferred program.  

E.g. Cyrene; look for the 

symbol
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Tips on answering Raw Materials 
queries in DOZN™ 2.0

Is it solvent? 

▪ Yes only for organic solvents not water, 

Is it monitored?

▪ Yes if automated analytical methods were used to monitor the 

process in real time to alert of a spill or formation of hazardous 

chemicals
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Tips on answering Raw Materials 
queries in DOZN™ 2.0

Used as

▪ Reactant; Integral reagent that is incorporated into product, or 

an acid or base used to change the pH of the product (includes 

oxidizers, unrecovered catalysts)

▪ Recovered reactant; a reagent that is recovered and reused 

(catalysts if recovered for reuse)

▪ Auxiliary; anything besides a reactant e.g. water, wash solutions, 

and non-reacting solvents

▪ Recovered Auxiliary; an auxiliary that is recovered and reused
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z
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Ready to save and calculate!
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Aggregate score: 8 (0-100 scale)



z
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Same analysis on the octamolybdate 
method

▪ Preparation of the catalyst

▪ Reaction and distillation
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Preparation of the catalyst

▪ Compared to 60.46; 244.77; 78.14
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Synthesis and isolation

▪ Recall that the catalyst prep is 2.77; 0.88; 3.32

▪ Compared to 60.46; 244.77; 78.14
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Agreggate scores

▪ Classic method, one step

▪ Score: 8

▪ Greener method, two steps

▪ Scores: 1; 2 (clearly greener choice)
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Not being critical of the classic authors

▪ From a different time 40 years ago – labs were different!

▪ Before microscale

▪ Before green chemistry
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And even green chemists did funny 
things once upon a time

▪ Anastas & Warner, 1998
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And even green chemists did funny 
things once upon a time

▪ J. Chem. Educ. 1985, 62, 346.
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Excellent student project after walking 
through the aldehyde synthesis

▪ Bannin T. J.; Datta, P. P.; Kiesewetter, E. T.; Kiesewetter*, M.K. 

Synthesizing Stilbene by Olefin Metathesis Reaction Using 

Guided Inquiry To Compare and Contrast Wittig and Metathesis 

Methodologies. J. Chem. Educ. 2019, 96, 143-147.



Recording and supporting documents will be available: https://www.beyondbenign.org/he-webinars/

Submit questions in the Control/Chat box on the Control Panel

Dr. Ettigounder Ponnusamy 
Fellow & Global Manager 
Green Chemistry 
MilliporeSigma

Professor Irv Levy 
Simmons University 
Director of the GCC, Beyond Benign 

Questions? 

https://www.beyondbenign.org/he-webinars/


Thank you for joining us!

Virtual Resources: https://www.beyondbenign.org/news-covid-19-updates/

Have an idea for a Green Chemistry Connection Webinar? 
Submit your idea today! https://bit.ly/GC_Connections_Idea

Connect with Beyond Benign online with the community!

Stay tuned for the next webinar!

https://www.facebook.com/beyondbenign/
https://www.instagram.com/beyondbenign/
https://www.beyondbenign.org/

