E-Factor - Economizing with the Atom
Based upon the E-factor Lesson developed by Irv Levy
Goal: To provide an understanding of atom economy and how it is used in chemical processes and how it can be applied to everyday life. 
Objectives: Students will;
· Understand Principle 2 of Green Chemistry

· Perform an exercise which has them practice atom economy

· Relate the exercise to chemical processes

Materials (for a class of 32):

· One large bag of M&Ms ®
· Digital scale
· Package of individually wrapped potato chip portions

· Optional: plastic gloves

Time required: 45–60 minute class period
Prescribed Focus Area:

· 4.1 the history of science

· 4.2 the nature and practice of science

· 4.3 the applications and uses of science
· 4.5 current issues, research and developments in science
Green Chemistry Principles Addressed: 
· Atom Economy.  Design syntheses so that the final product contains the maximum proportion of the starting materials. There should be few, if any, wasted atoms.
Prep:
· Prepare five baggies of M&Ms as shown below.

	E-factor
	M&M ® model
	Industry segment

	0.1
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	Petrochemicals
A chemical derived from Petroleum or natural gas

Example: Solvents detergents, adhesives


	1
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	Bulk Chemicals

plastics and polymers 

Example: plastic bottles, grocery bags

	10
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	100
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	Fine Chemicals

Chemicals used to make specific items 

Example: coating on laptop screens, electronics parts

	250
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	Pharmaceuticals

Example: antibiotics, blood thinners


Procedure:
1. Ask students to get into groups of two or three.
2. Give student sheet to each group.
3. Hand out a small bag of M& Ms ® to each group of students. 

4. Explain that this bag of M&Ms® is very special but that unfortunately the only ones that you can use are the green ones.
5. Discuss with students their possibilities, real or imagined.

6. Show students the pre-prepared bags of M&Ms and explain how these bags represent chemical processes.

7. Now tell the students that you know, they know that isn’t real but that these techniques are really being used in industry.

8. Ask students if any of them use Ibuprofen. You may have to prompt them with over-the-counter brand names of the drug.

9. Project the slide of the Ibuprofen diagram number one on the accompanying PPT presentation. 
10. Talk through the process with the students.

11. Explain that at the time Ibuprofen was invented it was a big breakthrough for people suffering from joint and muscle pain, it was originally invented to help arthritis patients. Sounds great right? But, how much of the process created waste.
12. Go to slide two where the graphic is highlighted with color

13. Then highlight for the students that the green parts are the processes that are incorporated in the product and the brown is the waste.

14. Put one ibuprofen pill on the desk (preferably green in color) and one brown ball that is roughly half the size again, and explain that this is the ratio.

15. Ibuprofen was manufactured this way and sold over the counter between roughly 1980 and 1990 with around 46 tonnes of ibuprofen sold in the UK and Northern Ireland per year during that time.

16. With the old method, that means that there would be 68.72 tonnes of waste = 69 female walruses of waste.

17. Ask the students to tell you how many tonnes of waste that would be over 10 years.

18. The process was changed in 1990 through the use of green chemistry techniques and specifically Atom Economy. 

19. Show the next slide with the new process. Ask the students to tell you what they immediately see as being different.

20. Talk the students through the new process. Point out that the acetic acid used in step one of the new process is recovered and used over again. 
21. Point out that the current and better method = 13.33 tonnes of waste, 13 female walruses. (show slide 5)
22. The new method: If you count the recycling of the single main waste product, a mere 1% of the building block atoms result as waste. (show slide 6) The process also replaced a six-step by a three step process, aiding energy efficiency (principle 6) and simplifying real-time analysis for pollution prevention (principle 11).The waste before was mostly landfilled. 

23. Ask the students to refer back to the 12 principles and even though this is a green chemistry success story ask them to tell you why this process doesn’t totally adhere to the 12 principles of green chemistry. Answer: Recycling is not really a green chemistry principle. It is better not to create waste in the first place. 
24. Explain that in the 60s when Ibuprofen was first synthesized, chemists weren’t thinking about toxicity and lifecycle, so they just made a wonder drug and called it good. These days chemists are having to go back and fix a lot of these things. True green chemists, like us, look at the processes and materials through a green eye from the very beginning. 

25. Scientists are also looking at Bi-products as well. Chemicals that have been developed in the past have bi-products and scientists are looking at innovative ways to use those bi-products to make something else. It is just like when you have a Thanksgiving turkey. Try to imagine all the various foods you can make out of that one turkey.

E-Factor - Economizing with the Atom – Student Sheet

This bag of M&Ms® represents a molecule.

1. Separate the green M&Ms® from the other colors and make two piles.  (The green part is actually the chemical that you need for your product.) 

2. Looking at the piles, hypothesize what percentage of the atoms you are using and what percentage would be waste.

3. Chemists calculate this exactly using a formula to determine the “E-factor” of a product.  Using the formula below, calculate the E-factor of your product.

· E-factor ≡ mass of waste ÷ mass of product  
4. How could you reduce your E-factor?
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