Yes, a potato(e) can be used to power a lamp. Usually a penny & a galvanized nail are used for this 'battery'. Copper & zinc are REQUIRED for this process, but not a penny & a nail per se. A potato works well, but a tomato, lemon or other citrus fruit can be substituted. The zinc and the copper are the anode and cathode terminals of your potato battery. Using ordinary hook-up electrical wire, you can use the potato to create a voltaic cell, which will power a VERY small bulb. A light emitting diode (LED) will work fine. 

A side note here about voltage & current. This process will produce less than 1.5 volts DC (AA/AAA battery). However, producing 1.5 volts does not necessarily produce enough current to make the lamp actually power up to full use. Voltage is only the POTENTIAL to do work. (See Ohm’s law: V = I x R) This kind of battery generally produces only a few milliamps. Even multiple potatoes may not generate enough amperage. Most assuredly, it will NOT power a household light, but a small flashlight lamp will GLOW. 

Cut the potato in half. Wrap the end of a piece of wire around a galvanized nail and wrap the end of a second piece of wire around a penny. Stick the copper side into one piece of potato and the nail into the other. The zinc and copper electrodes should not touch each other. If a wire is connected between the Zinc nail and the copper penny, electrons will flow. However, direct contact of the two electrodes will only produce heat. 

Electric current is the movement of electrons from one atom to another in a conductor. Inserting the two common metal electrodes into the potato causes a chemical reaction to occur resulting in current. The potato does not participate directly in the reaction. It is there rather as an electrolyte to facilitate the transport of the zinc and copper ions in the solution, while keeping the copper and zinc electrodes apart. The potato contains phosphoric acid (H3PO4), which facilitates the electro-chemical reaction of zinc with copper. 

Zinc is an active metal, which reacts readily with acid to liberate electrons. The acid's active ingredient is positively charged hydrogen, so a transfer of electrons takes place between the zinc and the acid. The zinc (Zn0) is oxidized (Zn++ ) and the acid (H+) is reduced to hydrogen gas (H2), which you can see bubbling out around the electrodes. The reaction at the penny electrode depletes the electrons from the copper and attaches them to the hydrogen ions in the phosphoric acid. 

Oxidation: Zn --> Zn++ + 2e-
(Zinc looses 2 electrons) 

Reduction: 2H+ + 2e- --> H2
(Hydrogen ions gain electrons) 

Net Reaction: Zn + 2H+ --> Zn++ + H2
(Hydrogen gas and 'power') 
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You will need:

- A variety of fruits and vegetables (ex. Potato, tomato, lemon, grape fruit, oranges) or other substances you wish to try (ex. vinegar)
- Two (2) pieces of copper
- A strip of zinc or galvanized steel (ex. a galvanized nail)
- A strip of Magnesium (or other metals for variation)

- At least 3 short leads with clips on the ends
- A small light bulb (ex. An LED)
- A volt meter (for a more specific reading of volts)
Safety Concerns:

Safety is not a huge concern since the fruit and vegetables generally produce less than a volt. Just be sure not to bring anything one of the students might be allergic to. If you do decide to test more corrosive acids handle according to your WHMIS. Also be sure to let the students know that the edges of the metal samples could be a little sharp.

How it fits into the Manitoba Curriculum:

This is part of the grade 6 curriculum, cluster 3: Electricity (6-3-15)

 Here they would like students to be able to identify two (2) major sources of electrical energy, and provide examples of each including: chemical sources like batteries or electromagnetic sources such as turbine motion caused by wind. This experiment in particular is an example of how batteries work.
How to set up the Apparatus:


Start with the small light bulb. Clip one of the leads to each of the light bulb’s leads. Then clip the end of one of the leads to the copper strip and the end of the other lead to another metal of your choice (either the magnesium or the zinc). Then put the metals into opposite ends of the item you are going to test. 
Review what the students already know:
Start by asking them what they know about electricity:
1) How can we store electricity?

2) Where do we get our electricity?

3) What do we use electricity for?

Introduce what a Battery is:


Today we are going to look at how batteries work. A battery is a device consisting of one or more galvanic cells, which store chemical energy and make it available in an electrical form (Wikipedia 2007). 
Introducing the Experiment:

Here we have a light that we are going to try and light up using various metals and household products. 

Demonstration:
1) Ask the students what they think will happen if we use a potato as a battery? (predict)

2) Take your apparatus and push the copper strip into one end of the potato and the zinc into the other end of the potato. The light should light up. (Observe)Disequilibrium in students: How can a potato light up a bulb?
3) Ask them why they think that this occurred.  

The Variation:
1) Ask the class what they think will happen if we repeat the experiment using different kinds of fruit of vegetables such as lemons, apples, bananas, tomatoes or oranges. Before doing each new variation ask the students what they think will happen (Predict). ***refer to last page for my trial sheet***
2) Record the results on a piece of paper. To be more specific you can use the volt meter. (Observe). 
3) Ask them why they think it worked or did not work after they observed the experiment. 

4) Ask them what they think all the variations that worked have in common. (leading them to equilibrium).
5) Next try using different metals. Instead of zinc use magnesium and Predict 

      what will happen.  
6) Try all of the experiments again using the new metal and record the results using a volt meter to be more specific (Observe).

7) Did the magnesium differ from the zinc? 
8) The next variation you could try is linking them in series and asking the students what they think will happen (predict).

9) Do the experiment and observe your results.

10)  Finally explain why you got the results.  
The Explanation:

The potato and the other food that did light up the bulb are all acidic. Inserting the two common metals into the food causes a chemical reason to take place. This reaction creates a current of electrons that can move from one atom to another. This current is then able to light up a small bulb and is measured in volts. The reason the copper and magnesium produced more voltage than the copper and zinc is that copper and magnesium are more dissimilar metals and there is a greater chemical reaction. 
***note: you would need about 500 lemons wired in parallel to light a standard flashlight bulb (Wikipedia 2007)***
Bloom’s Taxonomy Five Questions for Discussion:

1) (Knowledge) In your own words recall how the different variations changed the amount of voltage produced.
2) (Comprehension) In your own words, explain why some foods worked better than others to produce a voltage.
3) (Application) This is an example of the same kind of reaction that is going on under the hood of your car. A car battery uses sulfuric acid. 
4) (Analysis) Draw a diagram of the experiment and label the combination of variations that gave the highest voltage in your trials. 
5) (Synthesis) Compile all of the data that has been colleted and generate a chart to organize the information.
6) (Evaluation) If you were trapped on a desert island and you could only bring one variation of our experiment, which would it be and why?
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