Galvanic Cells – C12-6- 5, 6, 7
The purpose of this investigation is to develop a better understanding of the processes occurring within a galvanic or voltaic cell. Galvanic cells are very important to our lives because they provide the foundation of generating and electric current spontaneously from a chemical reaction. Keep in mind that chemical reactions primarily occur because electrons are being lost by one chemical species and gained by another. If the transfer of electrons can be channeled through an electrical conductor such as a wire we have an opportunity to harness this electron flow. Such is the nature of the importance of a voltaic cell.

Pre-lab Introduction:

In this unit we have been studying one of the most common and important types of chemical reactions, the oxidation-reduction reaction.

Consider the following reaction your teacher will demonstrate or you will perform:

A strip or granule of zinc is placed in a solution of copper sulfate in test tube.

a)  write a word equation for this reaction:

b)  write a chemical equation for this reaction:

c)  draw the reaction container and explain in words and with an illustration what is happening at the molecular level at the interface between the zinc atoms of the strip and the copper ions in the copper sulfate solution. As well what is happening to the sulfate ions in the solution? You should be able to explain why there are observable changes occurring in the test tube as well.
In this reaction zinc is losing electrons and being oxidized into zinc ions. 

Express the loss of electrons of the zinc atoms as a half reaction chemical equation:

d)

Copper ions are gaining electrons and being reduced to form copper atoms. Express the gain of electrons by the copper atoms as a half reaction chemical equation:

e)

Finally, combine the two half-reactions to get an overall reaction.

f)

It is important to note that this reaction occurs spontaneously because the zinc atoms have a relatively high tendency to lose electrons and the copper ions have a relatively high tendency to gain electrons. The difference in the relative reactivity of these two species (one to lose and one to gain) drives the reaction. If we check a Reduction Potential table we can see the difference in relative positions of the copper ions and zinc atoms. This difference in the reduction potentials of the two half-reactions is the driving force for the reaction and is a measure of the voltage of the overall cell.
g) use your reduction potential table to determine the overall potential difference or voltage produced by this reaction.

In this investigation a variety of galvanic cells will be constructed. A galvanic cell is a device win which two half-reactions are separated by a wire allowing electrons to flow from the species being oxidized to the species being reduced. This potential difference is measured by a voltmeter. Oxidation occurs at the anode. Reduction occurs at the cathode. A salt bridge that contains negative and positive ions will be placed between the cells to offset the charge that results from loss and gain of electrons

Materials:
A 24-well plate (12 is ok).
Filter paper cut into 1 cm x 2c lengths to serve as a salt bridge.

1M solution of KNO3  11.1 g / 100mL for soaking paper.
Metal strips (preferably 1 x 2cm) copper, zinc, magnesium, nickel, tin, also lead and iron and corresponding compounds.
IM solutions of zinc sulfate (2.87 g /100mL), magnesium sulfate (2.46 g / 100mL, nickel sulfate (2.62 g/ 100mL), copper sulfate (2.50 g / 100 mL), tin chloride ( 2.26 g / 100mL).
Eye droppers in each solution

Sandpaper or steel wool.

Voltmeter

Alligator clips

Procedure:

1. Examine your 24-well plate. It is illustrated below. You will need two adjacent wells to create a galvanic cell. They cells must be side x side and not diagonal.  Using the diagram below try to figure of how you can fill the wells with solutions to try to get all combinations possible above-below or beside each other. 

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


2. Once you have figured out each pairs location, fill each well with 15 drops of the appropriate solution using the template guide above.
3. Identify and label each of the metals to be placed in the wells. Place these metals on a sheet of paper beside their name.
4. Clean each metal with a piece of sandpaper.

5. Make a salt bridge by soaking a piece of 1 x 2 cm strip of paper in 1 M potassium solution.

6. Before assembling any cells consider your task at hand. You will be determining the relative potential differences between the species being oxidized and the species being reduced in each reaction. Using the reduction potential tables, predict/calculate the potential differences between the following pairs. In each case you must start by considering which species gets oxidized (loses electrons) and which species gets reduced (gains electrons). Your teacher will help with an initial calculation.
zinc in zinc sulfate and copper in copper sulfate:

zinc in zinc sulfate and magnesium in magnesium sulfate:

zinc in zinc sulfate and nickel in nickel sulfate:

zinc in zinc sulfate and tin in tin sulfate:

copper in copper sulfate and magnesium in magnesium sulfate:

copper in copper sulfate and nickel in nickel sulfate:

copper in copper sulfate and tin in tin sulfate:

nickel in nickel sulfate and magnesium in magnesium sulfate:
nickel in nickel sulfate in tin in tin sulfate:

7. You are now prepared to construct the cells listed above. Note which one you have calculated to have the greatest potential difference. Which ones have a negative voltage and are thus unlikely unable to occur spontaneously.
Use the following table to record your data:
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8. Place the first pair odd metals into their corresponding solutions.

9. Place the moistened salt bridge so that it is immersed across and in both solutions.

10. Attach the alligator clips to the metal strips and then to the voltmeter.

11. Look at the voltage (potential difference) reading and compare it to the predicted value.

12. Record the actual value in the unshaded space of the chart above. Transfer the predicted voltage from the previous page and put this in the shaded part of the table so your actual and predicted values are there.
13. Continue to examine each pair until all combinations have been completed.

Analysis:
1. The picture below shows an example of a voltaic cell. The magnesium is in a solution of magnesium nitrate and the aluminum is in a solution of aluminum nitrate.
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Look at your reduction potential tables and:

a)  determine what species donates electrons in this cell (is oxidized)
b)   write the oxidation half-reaction

c)  what species gains electrons in this cell (is reduced)

d)  write the reduction half-reaction

e)  write the overall cell reaction

f)   determine the voltage produced by the cell

g) on the diagram above (1) draw arrows to show the movement of electrons between electrodes, (2) label the anode and cathode, (3) show how the ions in the salt bridge (potassium and nitrate) move to conserve charge, (4) write in the two half-reactions beside each electrode to describe what is happening at each electrode, and (5) explain in words what is happening to atoms, ions and electrons at each electrode by writing this beside each half-equation
