NORM 2019 Teacher Workshop (June 16, 2019)

Contact: Dr. Skip Rochefort, OSU School of CBEE (skip.rochefort@oregonsate.edu)
NORM 2019 Reaction Car Information: http://web.engr.oregonstate.edu/~rochefow/
Introduction to Reaction Powered Car
Objective

Our goal is to introduce the scheme of powering a small car with a chemical or biological reaction. During this lab we’ll also explore the concept of limiting reagents in a reaction.  


Materials

In order to complete this investigation you will need the following supplies for each group:

5 vol% acetic acid vinegar (this is called 5% acidity on the vinegar bottle)
Baking Soda ( Arm&Hammer is the best but generic will work too!)
500 ml plastic laboratory solvent dispensing bottle (we call them “squirt bottles”)
3/16 in. i.d. Tygon tubing

1000 ml graduated cylinder (plastic), 50 ml graduated cylinder (plastic)
Plastic tub, Stopwatch and Water

Background – Kitchen Chemistry: The Baking Soda and Vinegar Reaction
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The above equations are all representations of the same reaction.  It is important to note that for a complete reaction the molar ratio of acetic acid to sodium bicarbonate must be kept constant. Baking soda is 100% sodium bicarbonate, but vinegar is only 5% (by volume) acetic acid.
The carbon dioxide produced can be used to power a small car. Before we can use this reaction to power a car, we need to find out how much carbon dioxide is produced.
Pre-Experiment Calculations
Based on the stoichiometry given above and starting with 50ml of vinegar (5 vol%), calculate the mass of baking soda required for complete conversion of the acetic acid. How many moles and what volume of CO2 gas would be produced? Show this calculation to the instructor before proceeding to the Experiment.
Experimental Procedure
1. Fill the 1000 ml graduate cylinder with water. Fill a plastic tube about 2-3 inches deep with water. Fill a 1000ml graduated cylinder with water. Put your hand over the mouth of the graduated cyclinder and then quickly turn it over and place it under the water in the plastic tub. You should be able to capture most of the water in the graduated cyclinder. Record the height of the water in the graduated cylinder. This is your starting height.
2. Connect one end of the tubing to the spout on the spray bottle lid. Slide the other end into the upside-down 1000 ml graduated cylinder, making sure to not let the water out.

3. In the empty plastic spray bottle pour 50 ml of 5% acetic acid vinegar. Start with ~1 g baking soda for the first trial. Calculate how much CO2 gas you would expect to produce with his amount of baking soda. Weigh the baking soda in a Kimwipe and wrap up into a little pouch.
4. When ready, add the pouch to the spray bottle and immediately screw the lid on. (It is good to practice this with out the reactants once or twice.) Time the reaction with the provided stopwatch. 

5. Gently shake the bottle to encourage mixing.  The reaction produces gas that will travel through the tubing and into the graduated cylinder, displacing the water in the cylinder.  When the reaction is complete, record the height of the water in the graduated cylinder.
6. Rinse the spray bottle with water in between experiments to remove any unreacted acetic acid or baking soda (throw away the wet Kimwipe).
7. Repeat steps 1-6 a few times with different amounts of baking soda all the way past the stoichiometric balance (baking soda as the limiting reactant) to check if this concept (or your interpretation of it) is correct.  
Additional Experimental step after you have gone through various amounts of baking soda. 

8. Choose a mass of baking soda for which you have reasonable data. Try adding just plain water (say 25 ml) to your reaction mixture and see if it has any effect on the gas production (would you expect it to?).

Real Engineering -- Design, Build and Run a Reaction Powered Car
If time permits, we would encourage you to design and build a simple car with a sport water bottle (valve cap) as the “reaction chamber” and to run your reaction to see if you can propel the car forward. This is a great way to look at the transition from the chemistry to the engineering in this project. 
Car – build using the K’Nex kit provided.

Reaction Vessel – see instructor for a choice of reaction vessels.

Discussion Questions
1. How much gas did you produce? Calculate how much carbon dioxide the reaction should produce and compare that to your experimental results. How/when did you potentially lose gas?
2. At what mass of baking soda did the reaction no longer progress while the vinegar volume was held constant at 50 ml? How does this compare with your calculations of baking soda as the limiting reactant? Explain your results.
3. What is the effect of excess water on the reaction (if any)?

4. How did the car run (if you got to this)?
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