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Science In Motion

Juniata College


Clean Green!
Making a Cleaning Solution from PLA Cups
Pennsylvania Common Core 

	3.2.10.A6
	Formulate and revise explanations and models using logic and evidence

	3.2.10.A2

	Compare and contrast different bond types that result in the formation of molecules and compounds. Explain why compounds are composed of integer ratios of elements.

	3.2.12.A
	Describe the interactions between acids and bases.



Introduction and background:
Green Chemistry
This lab is an example of a green chemistry lab. According to the American Chemical Society, the 12 principles of green chemistry are:

1. Prevent Waste

2. Atom Economy
3. Less Hazardous Chemical Syntheses
4. Designing Safer Chemicals
5. Safer Solvents and Auxiliaries
6. Design for Energy Efficiency
7. Use of Renewable Feedstock
8. Reduce Derivatives

9. Use Catalysis Reagents 
10. Design for Degradation
11. Real-time analysis for Pollution Prevention
12. Inherently Safer Chemistry for Accident Prevention
As our society becomes more concerned about energy conservation and sustainability, the adoption of green chemistry methods is becoming more relevant. For more information,  visit: http://www.acs.org/content/acs/en/greenchemistry/about.html
Plastics:
The world produces approximately 200 billion pounds of plastics and nearly half of this plastic winds up in landfills each year. Polyethylene (HDPE/LDPE), polyethylene terephtlalate (PET) and polystyrene (PS) are common polymers that constitute plastics, but they have enormous degradation lifetimes. These polymers can persist in the environment for 500 to 1000 years without biodegrading; current composting enzymes and bacteria are unable to break them down any faster. 

Because plastics (polymers) have degradation periods significantly longer than their useful lives, they persist in landfills for enormous periods of time. Additionally, traditional plastics are produced from petroleum, which is a nonrenewable resource. Taking into account the complete life cycle of plastics is crucial to why there is a need for alternatives. Plastics are woven into the fabric of US society and examining alternatives to current manufacturing practices is a burgeoning area for green chemists. 

Polyactic acid (PLA) is a biodegradable polymer derived from natural resources. Lactic acid, which is derived from corn, is the monomer used to create this polymer. PLA degrades under compost conditions from CO2, H2O, and humus, all benign components. PLA will generally breakdown under industrial compostable conditions in approximately 180 days. Because it biodegrades, the volume sent to the landfill can be reduced significantly. Also, the CO2 released during degradation returns the carbon to the atmosphere with no overall net gain. Since the polymer is made from a corn feedstock, the process uses significantly less petroleum than traditional polymers. It is categorized under plastic resin code #7 or #0 (“other plastics”). While it is recyclable, currently there are no municipal recycling facilities that accept PLA. 

Instead of disposing PLA products into landfills or compost facilities, another option of handling them at the end of the products’ useful life is to reuse them as other products. One thing to do with PLA materials is to convert them into an antimicrobial cleaning solution. 

This lab has been adapted from “Hydrolysis of post-consumer polylactic acid waste.” Gurney, R. Dept. of Chemistry. Simmons College. 2008. 
http://greenchem.uoregon.edu/PDFs/GEMsID102.pdf

(From beyondbenign., http://www.beyondbenign.org/ ) 
Guiding questions: 
1. After reading through the materials and procedures, which of the 12 green chemistry principles could be relevant in this lab? 

2. What can you do during this lab to make sure you are considering the 12 green chemistry principles? 
Materials:
Safety wear  




 10 mL of 6 M HCl (HCl and DI water) 
Nitrile/latex gloves 



 100 mL of 1.4 M NaOH in 1:1 ethanol/water
Hot plate/magnetic stir bar 


 Blue litmus paper 


Stirring rods 




 pH strips 
100 mL graduated cylinder 

   
 Digital thermometer
250 mL Erlenmeyer flask  


 Squirt bottle 
Watch glass  




 Weigh boat 
Funnel  




 Plastic pipette
Ice/beaker for ice bath 

Safety:
This lab requires the use of a concentrated acid and a concentrated base, which can cause burns to skin and can pose a respiratory hazard from the fumes. When measuring and working with these chemicals, wear protective equipment (gloves, goggles, lab coat or apron) and work in a fume hood to avoid inhalation exposure.  
Procedure:
Part I
1. Put on safety goggles and apron.
2. Cut PLA cup into small pieces using scissors. The smaller the pieces, the faster the reaction. Also, try to avoid using the green parts of the cup. 
3. Measure 5 grams of PLA pieces into a weigh boat.
4. Add 5 g of PLA pieces into the 250 mL Erlenmeyer flask using a funnel.
5. Using the graduated cylinder, measure 100 mL of the 1.4 M NaOH solution
6. Add the solution and a magnetic stir bar into the flask.
7. Place the flask onto the hot plate. Turn on the heating function of the hot plate and heat the solution to no higher than 90°C (reduce the heat if the flask begins to vigorously boil). You may keep the thermometer in the solution while it’s heating. 
8. Use the thermometer to occasionally stir the solution while heating until the PLA pieces have completely dissolved. Record observations on your data sheet at the initial, 5 min., and 10 min. intervals. 
9. After the PLA pieces have completely dissolved and the solution is pale yellow, turn off the hot plate. Temperature should be 80°C – 90°C.
10.  Use tongs or a rubber grip to remove flask from the hot plate. Place the flask in an ice water bath and allow the solution to cool until it is below 60°C. This mixture is now called “hydrolyzed PLA”.

Part II
11.  Using the plastic pipette, transfer 1-2 drops of the solution to the watch glass.
12.  Test the pH of the hydrolyzed PLA by wetting a pH strip in the watch glass. Record the pH.
13. Add 2 ml of the 6 M HCl solution to the flask using a transfer pipette. 

14. Slowly add an additional 50 drops of 6 M HCl into the flask. Mix well.
15. Dip the glass stirring rod into the solution then touch it to the mouth of the flask to remove big drops of liquid. The wetted tip can then be touched to a strip of blue litmus paper to test its pH. Note whether the solution is acidic or basic.
16. Record whether the solution is acidic or basic after each test (thoroughly mix the solution after adding 6 M HCl before testing it).
17. Repeat steps 14-16 until an acidic pH is obtained. Each strip of litmus paper can be used several times.
18. Measure the final pH of the solution using a pH strip. Aim for a pH range of 4-5. The solution now contains lactic acid and sodium chloride (NaCl).
19. Using a funnel, transfer the lactic acid solution into the squirt bottle.
References: Lab from beyondbenign., http://www.beyondbenign.org/ 

 




Clean Green Data Sheet

Names _________________________________________________________


Part I.

Amount of PLA cup used: __________ g

Table 1. Heating the PLA pieces with NaOH
	Minutes
	Temperature
	Observations

	0 (Initial)
	
	

	5
	
	

	10
	
	


Part II. 
What color will the litmus paper turn if the solution is acidic? _______________

Initial pH of solution (using pH paper) ___________

Table 2. Testing the pH of hydrolyzed PLA
	# drops of HCl
	Color of litmus paper
	Acid or Base? 
(A or B)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Final pH of solution (using pH paper) ___________
Questions: 
1. Explain how this lab is considered a “green” experiment. 

2. Why do you think we didn’t start by just putting the pieces of cup into the acid?   

3. What would be some pros and cons of mass producing this experiment to create actual cleaning materials that you can buy? 
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