Electrolysis Lesson Plan
0-5: Worksheet

5-10: Review of last week and Exposition

10-30: Make electrolysis cell.

30-40: Demonstration of Burning Bubble Generator
40-45: Recap and Preview 

Background:
2 H2O + 2 e- --> H2(g) + 2 OH-(aq)

2 H2O --> O2(g) + 4 H+(aq) + 4 e-

Wikipedia says:

An electrical power source is connected to two electrodes, or two plates (typically made from some inert metal such as platinum or stainless steel) which are placed in the water. In a properly designed cell hydrogen will appear at the cathode (the negatively charged electrode, where electrons are pumped into the water), and oxygen will appear at the anode (the positively charged electrode). Assuming ideal faradaic efficiency the generated amount (moles) of hydrogen is twice that of oxygen, and both are proportional to the total electrical charge that was sent through the solution. However, in many cells competing side reactions dominate, resulting in different products and less than ideal faradaic efficiency.

Electrolysis of pure water requires a great deal of excess energy in the form of overpotential to overcome various activation barriers. Without the excess energy the electrolysis of pure water occurs very slowly if at all. This is in part due to the limited self-ionization of water. Pure water has an electrical conductivity about one millionth that of seawater. Many electrolytic cells may also lack the requisite electrocatalysts. The efficacy of electrolysis is increased through the addition of an electrolyte (such as a salt, an acid or a base) and the use of electrocatalysts.

Teaching Goals

1) H2O is composed of two different elements, which combine to form a molecule.

2) We can prove this by separating the molecule with electricity.
3) The two elements have very different properties (burning vs exploding).
4) Other materials (NaCl) can also be separated by electricity.
Experiments:
We’ll be making individual electrolysis cells to show the splitting of H2O.
First, make the cell as seen in the picture below. Try to make good contact between the batteries and the pencils.
1) Start with tap water and see how few bubbles that generates from electrolysis. 
2) Add the sodium sulfate (salt#1) and watch the increase in bubblage; explain how increasing electricity flow speeds up the reaction b/c electrons are part of the reaction. 
3) Try to capture the hydrogen and oxygen separately with upside down tubes filled with water. Burn them both to see that hydrogen gas pops and oxygen just increases burning. Try not to mix them because the reformation reaction is dangerous. 

4) If you have time, add NaCl (salt #2) in addition to sodium sulfate. Notice how the oxygen evolution basically vanishes, explain that another reaction is easier to do (generation of chlorine gas which should discolor the water); hydrogen gas evolution should continue. 

Finally, we’ll do a bigger setup outside where we pump gas into soapy water and intentionally mix them. The bubbles should burn and pop loudly and vigorously. 
Materials for individual cells:
9V battery

Two pencils

Paperclips

1g Na2SO4
1g NaCl
Food coloring (maybe)
Water

Clear plastic cup

2 small falcon tubes
10 matches (or a lighter)

Piece of cardboard

Visual Instructions for construction the contraption:
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Materials for Burning Bubble Generator:
Giant Bottle

Rubber stopper with hole

Tygon tubing

Liquid Soap

Lots of 9V batteries 

10g Na2SO4
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