Kinetics and Equilibrium: Precipitation of Lead Iodide C12-3-01
Introduction: The concept of kinetics pertains to the speed of a reaction. That is, the concentration of product that appears or reactant that disappears per unit of time. The concept of equilibrium pertains to the extent of the reaction. That is, the concentration of product that has appeared after an unlimited time. If a chemical reaction is a journey of reactant molecules changing to product molecules, kinetics refers to how fast this journey takes and equilibrium refers to how close we get to the destination and whether we actually might begin to turn around and begin to go back to the start! In this investigation we will be considering both of these ideas through a common lab-based chemical reaction.
Materials:
· 2-250 mL beakers

· scupula

· water

· stirring rods

· funnel

· filter paper

· large test-tube

· rubber stopper

· beakers of hot and iced water.

Procedure:

1. Add a scupula of lead nitrate to a 250 beaker.

2. Fill the beaker to 100 mL and stir to dissolve.

3. Using a different scupula add a scupula of potassium iodide to a second paper.

4. Fill the beaker to 100 mL and stir to dissolve using a different stirring rod.

5. In the space below illustrate the molecular contents of each beaker at the ionic level. Note that the illustration provided has some inaccuracies (e.g., where is the water?)
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6. As well, express the dissolving of these two substances as equations:

a) dissolving of lead nitrate:
b) dissolving of potassium iodide:
7. Pour the lead nitrate solution into the potassium iodide solution noting the rate of the reaction. 
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a) Describe the rate of reaction.

b) What 2 evidences are there for a chemical reaction occurring?

c) Explain with reference to the molecular level and the nature of solutions why the reaction rate is fast.

d) In the beaker below illustrate what is happening at the molecular level in this chemical reaction. Ensure in your explanation you make the distinction between reacting and spectator species and how these create the macroscopic observations. This reaction is simulated at:
http://www.dlt.ncssm.edu/TIGER/chem2.htm#stoich
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e) The following reaction simplistically summarizes the reaction that has occured: 

Pb(NO3)2(aq) + 2KI(aq) --> PbI2(s) + 2KNO3(aq)

If we eliminate the spectator ions in this equation we can express the precipitation reaction as a net ionic equation.

Pb 2+  (aq) + 2I -   (aq) --> PbI2 (s)
8. As the beaker sits now the PbI2(s) is not only on the bottom of the beaker as a precipitate. There is also some suspended in solution. What evidence is there that some still PbI2(s) is suspended in solution associated with water?
9. The chemical equation is not totally accurate. Not all of the lead iodide has formed. Although PbI2(s) is not a very soluble compound, there is some dissolved in the solution but only to a very limited extent.  That is, there is Pb 2+  (aq) + 2I -1  (aq) dissolved in solution but not much. For this reason, the precipitation has not gone to completion. Consider the molecular ‘journey’ analogy for a chemical reaction. The rate of change from reactants to products has been rapid because the ionic particles are in solution and free to move and collide but the journey to the formation of the precipitate is not complete. Because some Pb 2+  (aq) + 2I -1  (aq)  is soluble, the journey for the ions to form a precipitate is not finished. As well, the reaction is in a state of dynamic equilibrium. Ions of lead and iodide are precipitating into lead iodide at the same rate that lead iodide is dissolving into lead and iodide ions. We will now explore what we can do to move the molecules further ahead or back in their journey from being dissolved to precipitated.
10.  Place a filter funnel with filter paper in a large test-tube. Is soluble the journey for the ions to form precipitate is not finished! 
11. Filter the solution contents of the beaker into the test-tube. Remember this solution contains not only suspended PbI2(s) but also Pb 2+  (aq) and  2I -1  (aq) dissolved in solution.

12.  Once the test-tube is near full, place a rubber stopper on the test-tube.

13.  Immerse this test-tube in ice cold water and observe the contents of the solution.

14.  Can you suggest what these crystals are? 

15.  As the water cools, more crystals of lead iodide begin to form. That is more precipitate forms as the lead and iodide ions combine. Explain with reference to the molecular level why a decrease in temperature should make more solid precipitate form?
16.  Write the net ionic equation to represent what is happening as the temperature decreases and more precipitation occurs.

17.  Does a decrease in temperature move the reaction further towards or away from completion? Explain your answer?

18. You are now going to transfer this test-tube into hot water. Use your knowledge of solubility to predict with reasoning what will happen.

19.  Transfer the test-tube. Wait a few minutes. What do you observe?

20. Write the net ionic equation to represent what is happening as the temperature increases and more dissolving occurs.
21.  Move the test-tube back to the iced water to see the shift in the equilibrium to favor the precipitating process. It is apparent that the process of precipitating the lead iodide from its constituent ions is a reversible process. By adding heat energy we increase the rate of dissolving; by removing heat energy we increase the rate of precipitating. Combine the equation of 16 and 20 above to convey this reversible process as a single equation.
22.  At the molecular level explain what is meant when we say a system is at ‘equilibrium’?

23. We often use the terms ‘shifts to favor products’ or ‘shifts to favor reactants’ when talking about an equilibrium reaction. At the molecular level and with reference to reaction rates what is meant when a reaction is ‘shifting to favor’?

24.  Is the equilibrium reaction occurring here between precipitation and dissolving a chemical or physical equilibrium? Justify your answer.

Summary: In this investigation we have been exploring the concepts of kinetics and equilibrium as observed in the reaction between lead nitrate and potassium iodide to form a precipitate lead iodide. The reaction has a fast reaction rate (speed of reaction) but does not go to completion because the product is poorly soluble in water. The concept of equilibrium pertains to the extent of this reaction. Equilibrium refers to how close we get to the destination and whether we actually might begin to turn around the reaction! In this investigation we have observed that both the solubility of the product and temperature influence the extent of the reaction. By cooling the reaction vessel we shift the reaction to favor the precipitation process; by warming the reaction vessel we shift the reaction to favor the dissolving process.
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