Gateway 125,126, 130
Fall 2006
Studio 13c p5

Studio 13c:  12/1/06  Activity Series

1) Identify and explain the purpose of the components of electrochemical cells: anode, cathode, salt bridge & external circuit.

2) Observe that electrons flow from high potential energy to low potential energy.

Reading: 19.3: 917-921.

Group Roles:  A Recorder; B Technician; C Leader

The electrons exchanged in metal/metal ion redox reactions can be driven through an external circuit by separating the two redox half reactions to form an electrochemical cell (also know as a voltaic or galvanic cell when the chemical redox reaction is spontaneous).  The energy given off in the reaction can now be captured and used to do electrical work such as in a battery.

The Parts of an Electrochemical Cell
Figure 1a shows a diagram of an electrochemical cell, while Figure 1b shows an actual electrochemical cell.  The electrochemical cell consists of four main parts:
1. The anode: the compartment where oxidation occurs. 

2. The cathode: the compartment where reduction occurs. 

3. External pathway to allow the flow of electrons.  (This can include a light bulb, voltmeter, motor, etc.)

4. Salt bridge or porous barrier: allows ions to flow back and forth so that charge does not build up. 

Figure 1a) Zn/Zn+2/Cu/Cu+2 electrochemical cell with salt bridge; light is produced as a result of the electric current flowing through the external circuit.  1b) Zn/Zn+2/Cu/Cu+2 electrochemical cell with porous barrier; a voltmeter measures the potential difference in the external circuit.
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Images courtesy of Prentice Hall
Each metal electrode is in equilibrium with the metal ions of the solution that it is in and with electrons.  The zinc anode is being oxidized to Zn+2 ions (which go into solution) and two electrons (which remain at the anode.)  Zinc ions in solution are also combining with free electrons at the anode to form zinc metal on the anode. 

Zn(metal)↔ Zn2+(aq) + 2e-(metal)
Zinc is easily oxidized (the forward reaction).  When equilibrium is reached there is a net increase in the number of free electrons at the anode resulting in a net negative charge.

At the cathode a similar equilibrium takes place:

Cu(metal) ↔ Cu2+(aq) + 2e-(metal)
However copper prefers to be reduced (the reactant favored reaction), which creates a net decrease in the number of free electrons at the cathode and a net positive charge.

Potential

When the anode and the cathode are connected through a wire, the excess free electrons at the anode will travel through the wire to offset the depletion of free electrons at the cathode.  Similar charges repel each other, therefore if provided a chance electrons will flow away from other electrons towards a positive charge.  This flow of electrons is called a current.
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The difference in charge between the cathode and the anode is potential energy.  Physicists talk about potential energy often describing boulders at the top of a hill.  If the boulder rolls over the top of the hill, it will fall due to gravity so it has a potential energy.  The higher the hill, the greater the boulder’s potential energy.  Similarly, potential energy can be due to repulsion between like charges; the charges would disperse if they had somewhere to go (or someone would push them over the hill.)  The more charges that are gathered together the greater the potential energy. (Figure 2)

Chemists define this potential energy to be positive on the anode and negative on the cathode,
 because the electrons will flow from the anode to the cathode.  A difference in electric potential energy is called a potential difference, cell potential, a potential, or a voltage.  A volt is defined in units of energy per charge, which is: 

Question:  What is the purpose of the salt bridge?

Model for Data Gathering:  Explore the answer to this question using the salt bridge model.
 
Your group has a model that contains a salt bridge.  In the bridge, there are K+ (purple) and NO3- (green) ions.  Electrons are represented by the black beads.

Before working the model, each compartment should contain the following atoms or ions:

Zinc electrode: 6 Zn atoms (closed red vials containing 2 e-)
Zinc solution: 2 Zn2+ ions (open vial) and 4 NO3- ions (blue)
Salt bridge: 11 K+ ions (yellow) and 11 NO3- ions (blue)
Copper solution: 6 Cu2+ ions (open green vial) and 12 NO3- atoms
Copper electrode: 2 Cu atoms (closed green vial containing 2 e-)
(Notice how the charge in each compartment is balanced.)
The wire (white pipe cleaner) holding electrons (black beads) should be connected to the holes at the electrode sections of the box. 

 

Complete the following activities:

Talk your group technician through the running of the cell.  You can kick off the reaction anywhere...for example:

1) Oxidation takes place at the zinc electrode.  Write out the two half reactions and the overall chemical reaction.
2)  What happens when oxidation takes place?   

Where to the electrons come from?
Where do the electrons go? (If you add two electrons to one end of the wire, two electrons must come off of the other end of the wire.)

What change takes place in each of the compartments of the cell in order to end up with each compartment balanced?

Try a second oxidation or a reduction and carry out the chain of events.

3) Why do you think the wire is higher at one electrode than the other? What do you think this indicates about the potential of the cell?

4) Can you run the cell backwards?  What is necessary to run the cell in this manner?  Write out the chemical reactions. 

5) What would happen if all of the KNO3 in the salt bridge was replaced with sugar?  Would the cell still work?

6) What would happen if all the KNO3 in the salt bridge was replaced with NaCl? Would the cell still work? 

7) In one sentence, describe the purpose of the salt bridge.
The model that you were working with helps to demonstrate the flow of electrons and ions in an electrochemical cell.  Electrons (and ions) flow in the same manner in all electrochemical cells.  Electrochemical cells differ only in the elements, ions, and molecules used as the anode and cathode and in the salt bridge.

Model vs. Reality: 

· The pom poms, depending on color, represent potassium and nitrate ions.  In nature, individual atoms/ions do not have necessarily these or any color - the model colors are used to identify different atoms/ions.  Potassium cation and nitrate anion would also be different sizes.
· Vials of different colors were used to represent zinc and copper atoms and zinc and copper ions.  In nature, individual atoms/ions do not have necessarily these or any color; the model colors are used to identify different atoms/ions.
· The beads represent electrons.
· When two beads are inserted into the vial, a copper "cation" is converted into a copper "atom," i.e., Cu+2 ion + 2 e- ( Cu atom.
· When two beads are removed from a zinc vial, the zinc "atom" is converted into a zinc "cation."
· In nature, while the diameter of zinc and copper atoms/ions is roughly the same (~120 pm), the nitrate ion is considerably larger (~240 pm).  Also, Zn+2 and Cu+2 ions are smaller than Zn and Cu atoms.
· No water molecules are shown.  
· In reality, there are a vast number of ions.  For simplicity, only a few are shown.
· In this model, the cathode is on the right-hand side.  It could be on either side - it makes no difference to the working of the model.
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Figure 2:  Potential in electrochemical cells





     1 Joule       =  1 Volt
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� This is the sign convention for electrochemistry; the sign convention is different for other fields.  Typically potential are defined for positive charges, which would be opposite to the flow of negative charges.


� From Huddle, P. A.; White, M. D.; Rogers, F. J. Chem. Ed. 2000, 77, 104-110.








