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WHO am I?

WHY is this important? 

WHAT is this all about?

WHAT I’ve done

WHAT you can do
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Who?
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• Science and Education 

• Teaching STEM for 33 years

• Grades 7 - 13 and CEGEP

• Collégial international Sainte-Anne

• First year CEGEP chemistry courses

• 202-SN1-RE and 202-SN2-RE



Why?
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presentation title

EACH DAY HUMBLE SUPPLIES 

ENOUGH ENERGY TO MELT 7 

MILLION TONS OF GLACIER!



McCarty Glacier, Alaska

Glacier Photograph Collection, National Snow and Ice Data Center/World Data Center for Glaciology

July 30, 1909

Photo by Ulysses Sherman Grant

August 11, 2004

Photo by Bruce F. Molnia
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Eco-anxiety: 

75% of young people say 

‘the future is frightening.’
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What?

9



presentation title 10

Please download and install the 

Slido app on all computers you use

What is Green Chemistry?

ⓘ Start presenting to display the poll results on this slide.



Comparative Analysis: Lactic Acid Production

or

✓ Chemical names 

✓ Chemical formulas 

✓ Lewis structures

✓ Skeletal structures

❖ Lactic acid (C3H6O3) or 2-hydroxypropanoic acid:

❖Commercially and industrially useful molecule. 
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Plastics (Polylactic 

Acid, PLA)

Cleaning agents

Green solvents

Moisturizers

Anti-acne agents

Preservatives

Flavoring agents

Uses of Lactic Acid

❖ ~1.81 million metric tons (= 1.81 x 109 OR 1 810 000 000 kg).

❖ Demand increasing 5 - 8% per year.

❖ 4.6 billion US$ by 2029.
12



Which production process is ‘greener’? Why?
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MICROBIAL FERMENTATION

Renewable Resources

Fermentable carbohydrates

Fermented broth

Optically pure D- OR L-lactic acid

Microbial fermentation

Acid hydrolysis of 

complex carbohydrates

Recovery & Purification

S
im

u
lt

a
n
e
o
u
sl

y

CHEMICAL SYNTHESIS

Petrochemical Resources

Acetaldehyde (CH3CHO)

Lactonitrile (CH3CH(OH)CN)

Racemic mixture D- AND L-lactic acid

Addition of HCN 

and catalyst

Hydrolysis by 

H2SO4
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The utilization of a set of principles that reduces or eliminates 

the use or generation of hazardous substances in the design, 

manufacture, and application of chemical product.

Paul T. Anastas and John Warner, 1998

GREEN CHEMISTRY
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The utilization of a set of principles that reduces or eliminates 

the use or generation of hazardous substances in the design, 

manufacture, and application of chemical product.

Introduction to Green Chemistry (video: 1:57)

https://www.youtube.com/watch?v=b0Se4hTibGc
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1.Waste 
prevention

2.Atom 
economy

3.Less 
hazardous 
chemical 
synthesis

4.Designing 
safer 

chemicals

5.Safer 
solvents and 
auxilliaries

6.Design for 
energy 

efficiency

7.Use 
renewable 
feedstocks

8.Reduce 
derivatives

9.Catalysis

10.Design 
for 

degradation

11.Real-time 
pollution 

prevention

12.Safer 
chemistry 

for accident 
prevention

12 Principles 

of 

Green Chemistry
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How?
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• Introduce Green Chemistry:

• First year chemistry courses

• Project

• Labs
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202-SN1-RE

Effective contribution 

to teamwork

202-SN2-RE

Consideration of 

environmental issues

Compliance with laboratory 

rules for health, safety and 

environmental protection
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Project: Real-World Analysis of Green Chemistry

Overview

• Groups of 2 or 3 

• Topics are released one week before. 

• 5-minute Powerpoint Presentation

Presentation

• Introduce topic

• Chemistry - reactions, chemicals, conditions, etc.

• Analyze – Advantages and Disadvantages (12 principles)

• Conclusion: Is this option green?

• References

Evaluation • Student and Teacher (rubric)
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Topics:

• Computer chips:

• Affordable Composites from Renewable Sources (ACRES)

• Los Alamos National Laboratory and supercritical CO2

• Pharmaceuticals:

• Simvastatin

• Sitagliptin

• Plastics:

• Polyester film

• Polylactic acid

• Paint:

• Sherman-Williams

• Procter & Gamble and Cooks Composite and Polymers Co.

• Textiles:

• Bamboo

• Chitosan
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LABS

1.Waste 
prevention

2.Atom 
economy

7.Use 
renewable 
feedstocks

9.Catalysis

23



Lab: Limiting and Excess Reagents

❖ Course: General Chemistry (202-SN1-RE)

❖ Purpose: Understand and apply concepts of limiting and excess reagents.

❖ Competencies:

❖ Stoichiometry

❖ Limiting and excess reagents

❖ Precipitate and Supernatant

❖ Percent Yield and Atom Economy

❖ Calculations, units, and significant figures
24



Lab: Limiting and Excess Reagents, continued

❖ Conventional lab:

2 Cu(NO3)2 (aq) + 4 KI (aq) → 2 CuI (s) + I2 (aq) + 4 KNO3 (aq)

Copper (II) nitrate Potassium iodide
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Lab: Limiting and Excess Reagents, continued

❖ Conventional lab:

2 Cu(NO3)2 (aq) + 4 KI (aq) → 2 CuI (s) + I2 (aq) + 4 KNO3 (aq)

Copper (I) iodide

Potassium nitrate

Iodine
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Signal word:       

27

Danger



Lab: Limiting and Excess Reagents, continued

Calcium chloride

❖ Greener lab:

CaCl2 (aq) + Na2CO3 (aq) → CaCO3 (s) + 2 NaCl (aq)

Sodium carbonate

Not a dangerous substance according to the 

Global Harmonized System of Classification 

(GHS).
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Lab: Limiting and Excess Reagents, continued

❖ Greener lab:

CaCl2 (aq) + Na2CO3 (aq) → CaCO3 (s) + 2 NaCl (aq)

29
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• Less dangerous

• Possibly cheaper

• Fulfills competencies

• Global citizen

Signal words:none



Lab: Kinetics

❖ Course: Chemistry of Solutions

❖ Purpose: Determine the rate law, the rate constant, and activation energy of 

the oxidation of iodide ion by peroxydisulaphate ion.

2𝐼−(𝑎𝑞) + 𝑆2𝑂8
2−

(𝑎𝑞)
→ 𝐼2(𝑎𝑞) + 2𝑆𝑂4

2−
(𝑎𝑞)

❖ Competencies:

❖ Apply the method of initial rates 

❖ Temperature dependency of the rate constant, k

❖ Determine the activation energy by plotting Lnk vs T-1

31



Lab: Kinetics, continued
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• Teams of 4 vs 2:

• Reduced amount of chemicals used 

• Produced less waste 

• Lowered cost to dispose waste 

• 660$ vs 1328$ (~150 students)

• Lowered carbon footprint

• Reinforced sustainability 

• Teamwork



What can 

you do?
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Beyond Benign
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https://www.beyondbenign.org/


• www.beyondbenign.org 
• Educational materials, webinars, and videos to help make green chemistry 

an integral part of chemistry education.

36

http://www.beyondbenign.org/
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• Green Chemistry Teaching and Learning Community (GCTLC)

• Yale University YouTube Channel

• Place to learn, share, connect, and grow.

• Videos on various Green Chemistry topics: 

• What is Green Chemistry?

• The 12 Principles.

• The Green Chemistry Initiative (GCI) University of Toronto

• Fun videos on each of the 12 principles

• Resources to promote green chemistry and sustainability.

39

• Green Chemistry Labs for Undergraduate Organic Chemistry

• Comprehensive teaching guide by Beyond Benign, My Green 

Lab, and MilliporeSigma.

https://gctlc.org/
https://www.youtube.com/results?search_query=Green+chemistry
https://gci.chem.utoronto.ca/
https://www.mygreenlab.org/gccg-form.html


Green Chemistry is about…

• Increasing efficiency

• Reducing costs

• Enhancing performance

• Changing chemistry education

• Encouraging systems or life-cycle 

thinking about reagents and processes

• Encouraging innovation and exploration 

to discover new ways of working.

NETWORKING



Thank you 

KIM.SILKAUSKAS@SAINTEANNE.CA
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