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Science In Motion

Juniata College


Clean Green!
Making a Cleaning Solution from PLA Cups
Teacher notes
Time needed to complete lab: Part I could be done during one period and then the hydrolyzed PLA could be properly stored. Part II can then be done during a second period. 
Target grade level: High school (9-12): chemistry, Earth science, environmental science
Objectives: 
 
Demonstrate how material can be recycled and reused
 
Differentiate between an acid and a base
Major concepts: 
It would be helpful (but not necessary) for students to have a little background on acids and bases. However, the important concept is that material does not have to become waste. Instead, it can be reused to make a new material. This is why recycling is so important.
Preparation: 
Prepare 1000 mL 1.4 M NaOH in 50% ethanol in water solution

· Measure 56 grams NaOH on a scale

· Transfer NaOH to 1000 mL Erlenmeyer flask
· Measure 500 mL distilled water in 500 mL graduated cylinder

· Transfer 500 mL distilled water and a magnetic stir bar to Erlenmeyer flask 
· Dissolve 56 grams of NaOH in water by stirring the solution using a magnetic stirrer and the stirring hot plate

· Measure 500 mL ethanol in 500 mL graduated cylinder

· Slowly add 500 mL ethanol to beaker of water

· Allow to mix thoroughly by stirring
· Label solution “1.4 M NaOH in 50% ethanol in water solution” with label tape and permanent marker
· Warning: Concentrated base can cause burns. As you are weighing out the sodium hydroxide (NaOH), wear the proper protective equipment (gloves, goggles, lab coat or apron). If the NaOH touches skin, wash immediately with copious amounts of water. 

Prepare 100 mL 6 M HCl

· Measure 50 mL distilled water in 50 mL graduated cylinder

· Transfer water to 100 mL 125 mL Erlenmeyer flask
· Add a new magnetic stir bar to the Erlenmeyer flask and stir the solution using the stirring hot plate

· Measure 50 mL 12 M HCl in 50 mL graduated cylinder

· Slowly add the HCl to the Erlenmeyer flask
· Allow to mix thoroughly

· Dispense the 100 mL of solution (6 M HCl) into 10 drop-dispensing bottles

· Label bottles “6 M HCl”.  Each bottle should contain 10 mL 6 M HCl.

· NOTE:  Always add acid to water!!  This is an exothermic reaction and slowly adding the acid to water will prevent spattering of the solution.
· Warning: Concentrated acid can cause burns to skin and can pose a respiratory hazard from the fumes. When measuring and working with the hydrochloric acid, wear the appropriate protective equipment (gloves, goggles, lab coat or apron) and work in a fume hood to avoid inhalation exposure of the hydrochloric acid fumes.

Typical results or sample data: The titration process can take a while, which is why the students should start by putting 2 ml of the acid into their solution. It may take 4-5 more rounds of acidic drops to reach acidity. 
Answers to questions:  
1. Explain how this lab is considered a “green” experiment. 

 This lab recycles and reuses material. There is a reduction of waste by using the cup to produce the solution. The solution does not contain as much toxic chemical as other cleaning solutions. 


2. Why do you think we didn’t start by just putting the pieces of cup into the acid?   
HCl is an extremely strong acid. You would not want your solution to be totally acidic, which is why we start with the base and slowly add the acid. This makes a safe cleaning solution. 
3.
What would be some pros and cons of mass producing this experiment to create actual cleaning materials that you can buy? 
Pros: Less waste, more energy efficient by relying less on other chemicals 
Cons: Must be certain type of plastic (cannot use just any plastic cup), need 5 grams to even produce a small amount of solution, so mass producing may be inefficient 
Additional References: 
http://www.beyondbenign.org/K12education/highschool.html
Extension: If possible, students could bring in a small squirt bottle (travel size) to take some of the cleaning solution home. Also, you could check out the ingredient labels of other cleaning supplies and compare it to this cleaning solution. 
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