GIBBS FREE ENERGY LAB

Purpose:  
· To measure the electric cell potential for a standard cell as temperature is varied

· To determine the Gibbs Free Energy for a voltaic cell as temperature is varied

· To determine other various mathematical constants for your reaction given your measured electric cell potentials

Background Information:
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 spontaneously produce electrical energy in voltaic (galvanic) cells.  Electrical energy, on the other hand, can be used to bring about non-spontaneous 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.  It can be measured experimentally as well.  However, this is a standard state measurement.  As temperature or concentration of the cell is varied, the cell potential Ecell will vary as well, as the equilibrium of the reaction is being altered.  This makes perfect sense from an equilibrium standpoint, as concentration and temperature alter the reaction through Le’ Chatelier’s Principle.  Increasing the reactants of the cell will increase products, and therefore increase the voltage of the cell.  Increasing the products of the cell will increase reactants, and therefore decrease the voltage of the cell.  Temperature or heat is a similar phenomenon.  In the classic Daniell Cell:

Zn(s) + Cu2+(aq) ( Zn2+(aq) + Cu(s)
The Nernst equation demonstrates this equilibrium phenomenon as:  

Ecell = Eocell – RT ln Q






             nF



By altering temperature or concentration, therefore, you can alter the electric cell potential through an equilibrium disruption. 
The thermodynamic reaction quotient, or Q, can be expressed for this reaction as:

Q = 
[Zn+2]

[Cu+2]

In addition, from the voltage readings, the spontaneity of a reaction can be predicted and related to free energy, ΔG, by the equation:
ΔG = -n F E
Where n is the number of moles transferred during the redox reaction and  F is Faraday’s constant.  In this lab you will measure the Ecell of a designated voltaic cell at various temperatures, and then determine various other values for the voltaic cell mathematically and graphically.
Materials:

Voltmeter, 1000 mL beaker, thermometer, stirring rods, wires, 50 mL test tubes, glass U-tubes, cotton, 1 M solution of Cu(NO3)2, .1M solutions of Pb(NO3)2, Fe(NO3)3, Mg(NO3)2, Zn(NO3)2, and Al(NO3)3, 1 M KNO3, lead, iron, magnesium, zinc, aluminum, and copper strips, hot plate
YOU WILL BE PERFORMING ONLY ONE ELECTRODE COMBINATION – ONLY ONE OF THE ABOVE LISTED METALS AND CORRESPONDING SOLUTION WILL BE NEEDED.
Procedure:

1. Obtain one anode strip and a copper (Cu) strip and polish the surfaces with steel wool.  

2. Add to two large test tubes corresponding solutions for your anode and Cu(NO3)2.  Insert the metal electrode strips into the appropriate test tube. Place both test tubes into a 450 mL beaker and add approximately 200 mL of water.  Prepare a U-tube salt bridge or filter paper salt bridge as illustrated by your instructor.  

3. Place the salt bridge into the test tubes, Begin heating the water to approximately 75oC.  Allow the beaker to cool, recording the temperature and cell potential, E, at 10oC intervals. Record the voltage of the cell by connecting the alligator clips from the voltmeter to each of the metal strips. Remove the alligator clip leads from the voltmeter immediately after recording voltage!
4. As the beaker approaches room temperature, add ice to lower the temperature further, recording the cell potential at approximately 15oC and 50C.

Conclusions:

1. Create a data table that displays the voltage of each trial (Ecell) and the temperature of each trial.  Then, calculate and display as a calculated column ΔG for the cell at each of the temperatures, using ΔG = -n F E.

2. Calculate a ΔG0 value for each temperature, given that ΔG = ΔG0 + RT ∙ ln Q, and include a calculated column for this in your data table.

3. Calculate and include a column for an E0 value for 250C, given your E0 value and the relationship ΔG0 = -nFE0.   Using the standard reduction potential table, calculate an accepted E0 value at 250C.  Then, calculate your percentage of error.  Offer explanation for why these values are different!

4. Determine the equilibrium constant K for this reaction from your value of ΔG0 at 250C, given that ΔG0 = - RT ∙ ln K.  Include a calculated column in your data table for K.  Assume 250C for the standard free energy in order to determine the equilibrium constant.

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

6. What is the relationship between cell potential, E, and ΔG?  Explain why this makes sense!

7. Define the Faraday constant, F.

8. Are most oxidation/reduction reactions exothermic, endothermic, or both, do you think? Explain why you think this?

9. Should your reaction be exothermic or endothermic?  Explain in terms of your calculated energy and/or voltage values!

10. From your value of ΔG0 at 250C, and an accepted value of ΔS0, calculate the ΔH0 for this reaction at standard temperature conditions.  Is this consistent with your answer to number 9?  Explain!
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