Chemical Equilibrium: Virtual Experiments


Name(s):

AP Chemistry






Pd:


Date:
http://www.chm.davidson.edu/ChemistryApplets/equilibria/BasicConcepts.html
Note: The applets have a few glitches; it may freeze from time to time.  Reloading the page usually fixes this. 

Site I: Basic Concepts.  Review the introduction and click “Start” to “observe” the equilibrium between hydrogen, iodine, and hydrogen iodide gases.

1. Write the balanced chemical equation for this equilibrium:

2. What happens to the initial concentrations of each gases (hydrogen, iodine, and hydrogen iodide) as the reaction approaches equilibrium?

3. Using the graph, how do the rates of change (curved parts of graph) mathematically compare?

a. Rate of change of hydrogen vs. rate of change of iodine:

b. Rate of change of hydrogen vs. rate of change of hydrogen iodide:

Site II: Equilibrium Constant.  Perform Experiment Parts I and II as described, answering these questions as you go.  To get consistent results, wait for each process to finish before clicking on the next “action button” in the experiments.

4. Write the balanced chemical equation for this equilibrium:

5. Using the “manometer”, record the equilibrium pressure of CO2 at 800. ºC:

6. Although the answers are provided, show your work below and then check your answer.

a. Kp =

b. Kc =

7. Write the balanced chemical equation for this equilibrium:

8. Using the “manometer”, record the equilibrium pressure of H2O at 700. K:

9. Show your work below to calculate:

a. Kp =

b. Kc =

Site III: Reaction Table.  Review the introduction and perform Experiment Parts I and II as described, answering these questions as you go.

Part I:

10. Write the balanced chemical equation for this equilibrium:

11. Use the “>>>” button to add (or “<<<” to reduce) each gas to its bulb.  Record the initial pressures of each.  Setup and complete an “ICE” table for this equilibrium. 

12. Although the answer is provided, show your work below and then check your answer.

Kp =

Part II:
13. Write the balanced chemical equation for this equilibrium:

14. Use the “>>>” button to add (or “<<<” to reduce) each gas to its bulb.  Record the initial pressures of each.  Setup and complete an “ICE” table for this equilibrium.   Setup and complete an “ICE” table for this equilibrium

15. Show your work below

Kp =

Site IV: Le Chatelier’s Principle.  Review the introduction and perform Experiment Parts I and II as described, answering these questions as you go.

16. Write the balanced chemical equation for this equilibrium.

Part I:
17. What happens to the equilibrium amounts of carbon, water, and carbon monoxide in Step 1? What happens if you decrease the amount of hydrogen?

18. In Step 3, use the equilibrium amounts, the system volume of 10.0 L, and the system temperature of 1000. K to calculate the equilibrium constant, KP, for the reaction.  Vary the amounts of carbon monoxide and hydrogen and repeat the calculation. Do you obtain the same value?

Part II:
19. In Step 1, what happens to the equilibrium amounts of water, carbon monoxide, and hydrogen when the top slider is used to increase the analytical amount of carbon in the system?

20. In Step 1, why are the equilibrium amounts of water, carbon monoxide, and hydrogen unaffected by the analytical amount of carbon? 

21. In Step 2, at what analytical amount of carbon do the equilibrium amounts of the other compounds in the reaction begin to decrease? Why does this behavior occur?

22. In Step 3, what is the equilibrium amount of carbon? Is it appropriate to talk about the reaction being at equilibrium under this condition?

23. In Step 3, use the equilibrium amounts to calculate the equilibrium constant.  Do you obtain the same value as in Part I (Question 18 above)?  Should you?

Site V: Le Chatelier's Principle: Effect of a Change in Volume.  Review the introduction and perform the experiment as described, answering these questions as you go.

24. Write the balanced chemical equation for this equilibrium:

25. In Step 1, what happens to the equilibrium amounts of:

a. Hydrogen and carbon monoxide in the system?

b. Carbon and water?

c. Is this behavior consistent with Le Chatelier's Principle?  How?

26. In Step 2, does the equilibrium constant depend upon the volume of the system? (In these calculations, assume the volume occupied by the carbon, which is a solid, is negligible.)

27. After performing the experiment, carefully think about the results.  If the volume of the system is increased, why would the system respond by converting carbon and water into carbon monoxide and hydrogen?

Site VI: Le Chatelier's Principle: Effect of a Change in Temperature.  Review the introduction and perform the experiment as described, answering these questions as you go.

28. Write the balanced chemical equation for this equilibrium, including the change in enthalpy as a reactant or product as appropriate.

29. What is the molar enthalpy of the reaction?

30. In Step 1, when the temperature of the system is increased, what happens to the equilibrium amounts of:

a. Hydrogen and carbon monoxide?

b. Carbon and water?

c. Is this behavior consistent with Le Chatelier's Principle?  How?

31. In Step 2, when the volume is 10.0 L and the temperature of 1000. K, calculate the equilibrium constant KP.

32. If the system temperature is changed to 1200 K, what effect should this change have on the equilibrium constant?

33. Slightly different from website:  Check your prediction above by using the equilibrium amounts to calculate KP at 1200. K.

34. Repeat this analysis at 800. K.
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