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Introduction
Electrochemistry deals with the relations between chemical changes and electrical energy. It is primarily concerned with oxidation-reduction phenomena.  Chemical reactions can be used to produce electrical energy in voltaic (galvanic) cells.  Electrical energy, on the other hand, can be used to bring about chemical changes in an electrolytic cell.
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A spontaneous redox reaction can be used to produce electrical energy.  In a voltaic cell, the electron transfer (current) occurs in an external circuit (wire).  The cell voltage (emf) is determined by the type of electrodes.  Oxidation occurs at the anode and reduction occurs at the cathode.  The total cell potential, Eocell, can be predicted by analyzing the two half reactions and using a table of Standard Reduction Potentials which is based on the standard hydrogen electrode where the cell potential is zero.

From the voltage readings, the spontaneity of a reaction can be predicted and related to free energy, ΔG, by the equation

ΔGo = -nF Eo

where n is the number of moles transferred during the redox reaction and F is the Faraday number calculated in a previous lab.  In this lab you will measure Ecell of several voltaic cells, then calculate and relate ΔG values for one electrode combination.

Materials
voltmeter, emery cloth, 600 mL beaker, thermometer, stirring rods, wires, 50 mL test tubes, glass U-tubes, cotton, ring stand, 0.1 M solutions of Pb(NO3)2, Ni(NO3), SnCl2, Cu(NO3)2, Zn(NO3)2 KNO3, lead, tin, zinc, nickel, and copper strips, agar, hot plate

Procedures
1.  Set up the voltaic cell as shown in the diagram above, except use a test tube instead of a beaker, but do not add any solution yet. 

2.  Obtain one anode strip and a copper (Cu) strip and polish the surfaces with emery cloth.

3.  Add to the appropriate test tubes corresponding solutions for your anode and Cu(NO3)2.  Insert the electrodes and connect the voltmeter’s positive lead to the copper strip and the negative lead to the anode strip.  Place the U-tube sale bridge into the test tubes, then read the voltage and record the temperature of the cell.  Remove the salt bridge when not recording voltages.
4.  Record your voltage on a class sheet for later comparisons.

5.  Place the test tubes into a 600 mL beaker.  Add approximately 300 mL of water to the 600 mL beaker and begin heating the water to approximately 70oC.  Allow the beaker to cool to room temperature, recording the temperature and cell potential, E, at 10oC intervals.  Be prepared to polish the anode after each reading.  Remove the salt bridge when not recording voltages.
6.  As the beaker approaches room temperature, add ice to lower the temperature further, recording the cell potential at approximately 10oC and near zero Celsius.

Analysis
1.  Calculate ΔG for the cell at each of the temperatures.

2.  Plot a graph on the computer of ΔG vs Kelvin temperature.  What does the slope represent?  

3.  From the values of ΔG and ΔS, calculate ΔH at some Kelvin temperature near standard conditions.

4.  What is the relationship between temperature and cell potential, E.

5.  What is the relationship between E and ΔG?  How does your graph verify this relationship?

6.  Define the Faraday, F.

7.  Are redox reactions exothermic or endothermic?  Explain.

8.  Using the cell potentials from the class, predict the voltages of those combinations not performed during this lab (i.e, Sn/Sn2+ || Zn/Zn2+) using the standard cell potential of Cu as 0.34 V.

