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LAB 20: Electrochemistry Exploration
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Electrochemistry: Early History 

Luigi Galvani (1737-1798)  
In the mid-1780s, anatomist Luigi Galvani (Bologna, Italy) was studying the effects of atmospheric electrical discharge. One day, in his garden, he fastened brass hooks between the spinal cord of a dissected frog and an iron railing. To his amazement the frog's legs began twitching wildly, not only when lightning flashed, but also when the sky was calm. Galvani interpreted his results in terms of animal electricity (incorrect). Galvani proclaimed that the muscle retained a nerveo-electrical fluid similar to that of an electric eel. While his papers on the subject ignited research among scientists of Europe, the most significant consequence of Galvani's discovery was the concept of  Galvanism which refers to the production of electrical current from the contact of two metals in a moist environment. Shortly before he died, Galvani was dismissed from his professorship at the University of Bologna, because he refused to swear allegiance to Napoleon's Republic. 
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Alessandro Giuseppe Volta (1745-1827)  
Volta was born in Como, Italy (near Milan). In 1774, he began his first academic position as principal of the state Gymnasium in Como. In 1777, he was appointed Professor of Physics at the University of Pavia. Here he began to repeat Galvani's famous experiments with decapitated frogs. He observed that Galvani had connected brass hooks between the frog's spinal cord and an iron railing. According to Volta's interpretation, the muscle twitches were induced by current flowing between two dissimilar metals connected by the moist flesh of the frog's leg. This led him to develop the first device which demonstrated chemical  production of electric current. In 1799, Volta arranged a vertical pile of metal discs (zinc with copper or silver) and separated them from each other with paperboard discs that had been soaked in saline solution. This stack became known as the voltaic pile and was the first electric battery. 

The term volt, a unit of electrical measurement, is named in his honor. In 1801, Volta was summoned to Paris to demonstrate his discovery before the Academy of Sciences. Napoleon declared his presentation a triumph, awarded him a gold medal and initiated the annual Volta Prize in his honor. 

Experiment #1: Volta’s Pile
You will use coins to replicate the Volta pile and generate small amounts of electricity.

1. Make an alternating pile of pennies (copper) and nickels (zinc), using 3-5 pairs of coins.

2. Using the multimeter set to the 20 volt scale, measure the voltage generated across the pile.  Record the result in the data table.  Were you able to get a voltage reading?

3. Reconstruct the pile, except insert a small piece of filter paper soaked in salt water between each pair of coins. (See diagram (Figure 11 – Volta’s Pile) on the next page.)  Be careful not to let the edges of the filter paper hang over the edge and touch filter paper below it.
4. Use the multimeter to measure the voltage across the pile.  Record the results in the data table.

5. Experiment with different numbers of coin pairs and different coin types to determine the approximate voltage generated per pair of coins.  Try at least five different arrangements. Record results in the data table.

6. Reset the station for the next group.

Results:
	
	Description of set-up
	Measured Voltage

	1
	Penny/nickel pile
	

	2
	Penny/nickel/filter paper (# of pairs ____)
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	


Questions:
1. Were you able to generate electricity using only the coins? How do you know this?
2. What did you have to include in the set-up before voltage was generated?  Why do you think this was necessary?
3. What is the approximate voltage per pair of nickels/pennies generated?  What was the voltage per pair of a different pair of coins (what pair)?
4. What was the highest voltage you were able to generate?  With what set-up?
Experiment #2: The Lemon Battery
You will construct crude wet cell batteries to generate small amounts of electricity using common materials.

	Materials:

- a lemon
- a strip of copper (or a penny)
- a strip of zinc (or a nail)
- a voltmeter or multimeter
- other fruits and vegetables
- liquids (water, Gatorade)
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1. First, touch the probes to the two metals and use the multimeter to measure the voltage.  Record the result in the data table.
2. Roll the lemon firmly with the palm of your hand on a tabletop or other hard surface in order to break up some of the small sacks of juice within the lemon. 
3. Insert the two metal strips deeply into the lemon, being careful that the strips not touch each other, but don’t put them in so far that you can’t get them back out again!
4. Using the voltmeter, measure the voltage produced between the two strips (figure 3). Record the results in the data table.
5. Repeat the experiment using a minimum of five other foods or liquids.  Try to keep the set-up as similar as possible between trials (distance between metals, same metal pieces, etc). Measure the voltage using these other foods as you did for the lemon.  
Results:

	
	Description of set-up
	Measured Voltage

	1
	Penny and nail alone (not in fruit)
	

	2
	Lemon with penny and nail inserted
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	


Questions:
1. Which combination produced the most voltage?  
2. Which combination produced the least voltage?
3. Were you able to produce a voltage using only the metals and no food?

4. Why do you think the fruit (or other food) was necessary? 

5. Arrange an “Activity series” of foods according to the amount of electricity you were able to generate using each food.  Put the most “active” foods at the top of the scale, and those generating the least electricity at the bottom of the scale.

Experiment #3: Copper Quarters?

Background:

Electroplating is an economically important process, often used to reduce corrosion or improve the appearance of objects.  During electroplating, a thin layer of a desirable metal is deposited onto another object.

During electroplating, the object to be plated is attached to the negative post of a power source, causing the object to gain a negative charge.  This will attract positive metallic cations from the electrolytic solution, or “bath” the object is placed in.  In our experiment, positive Cu2+ ions from the bath will become attracted to a quarter (or other metal object) carrying the negative charge.  When the Cu2+ reach the object, they will gain electrons at the cathode and become reduced to form solid copper:

Cu2+(aq) + 2e- → Cu(s)
The copper (II) ions removed from the bath must be replenished; this is accomplished at the anode where a solid copper plate undergoes oxidation:

Cu(s) → Cu2+(aq) + 2e-
Procedure:

1. Clip the quarter onto one end of the wire using the alligator clip.  Put the quarter into a 250 ml beaker.

2. Connect the other end of the quarter wire to the negative post of the battery using the alligator clip.

3. Connect the penny to the second wire and place into the beaker, as you did for the quarter.

4. Connect the other end of the penny wire to the positive post of the battery.

5. Carefully pour the CuSO4 solution into the beaker until it is about 1/3 full.

6. Let the reaction continue for about 15-20 minutes.

7. Remove the quarter from the solution and observe the results.  Clean all equipment and reset the station for the next group.
Questions:

1. What did you notice about the appearance of the quarter?

2. Write the half reaction that occurs at the penny, connected to the positive battery terminal.  Was it oxidation or reduction?  
3. Write the half reaction that occurs at the quarter, connected to the negative battery terminal.  Was it oxidation or reduction?  

4. Make a sketch of the experimental set-up you used, and label each of the parts carefully.

