Chemistry 12 – Unit II – Dynamic Equilibrium


Problem Set #2 

Le Châtelier’s Principle
 

Describe the changes that occur after each stress is applied to the equilibrium.

 

I.


N2 (g)    +     3 H2 (g)     ⇄    2 NH3(g)    +   92 KJ

 

         Shifts

       Shifts to the

Stress


[N2]
    [H2]
        [NH3]
  Right or Left
  
Reactants or Products
 

1. [N2] is increased
        
    
        
      
  

             


 
 

2. [H2] is increased
        
    
        
      
  

             




 
3. [NH3] is increased
        
    
        
      
  

             




 
4. Temp is increased           
    
        
      
  

             



 

5. [N2] is decreased
        
    
        
      
  

             



 

6. [H2] is decreased
        
    
        
      
  

             



 

7. [NH3] is decreased
        
    
        
      
  

             




 
8. Temp is decreased          
    
        
      
  

             



 

9. A catalyst is added
       
    
        
      
  

             



 

 

II.

 
N2O4 (g)       ⇄    
2 NO2(g)    
;

(H =  +   92 KJ

 






       

      Shifts
            Shifts to Favour the 

Stress

          

[N2O4]
   [NO2]         
Right or Left

Reactants or Products

 

1. [N2O4] is increased 

        
    
          


      



 
 

2. [NO2] is increased

        
    
          


      




 

3. Temp is increased    
        
    
          


      


______
 

4. [N2O4] is decreased

        
    
          


      




 

5. Ne is added


        
    
          


      




 

6. [NO2] is decreased

        
    
          


      




 

7. Temp is decreased    
        
    
          


      




 

 

III.


4 HCl (g)    +     O2 (g)     ⇄    2 H2O(g)    +     2 Cl2 (g)   +   98 KJ

 








          Shifts

  Shifts to Favour the 

Stress


[O2]
   [H2O]       [HCl]
   Right or Left

Reactants or Products

 

1. [HCl] is increased
        
    
        
      
  

             




 

2. [H2O] is increased
        
    
        
      
  

             


 
 

3. [O2] is increased
        
    
        
      
  

             




 

4. Temp is increased           
    
        
      
  

             


 
 

5. [H2O] is decreased
        
    
        
      
  

             



 

6. [HCl ] is decreased
        
    
        
      
  

             



 

7. [O2] is decreased
        
    
        
      
  

             



 

8. Temp is decreased 
        
    
        
      
  

             



 

9. A catalyst is added
        
    
        
      
  

             



 

 

IV.


CaCO3 (s)   +   170 KJ    ⇄    CaO (s)    +    CO2  (g)

 


Note: Adding solids or liquids and removing solids or liquids does not shift the equilibrium. This is because you cannot change the concentration of a pure liquid or solid as they are 100% pure. It is only a concentration change that will change the # of collisions and hence shift the equilibrium.








Shifts


Shifts to Favor the

Stress


      
[CO2]
   

Right or Left

Reactants or Products

 

1. CaCO3 is added

                          
                                 
  




 

2. CaO is added

                          
                                 
  




 

3. CO2 is added

                          
                                 
   




 

4. Temp is decreased

                          
                                 
   




 

5. A catalyst is added

                          
                                 
  




 

6. [CO2] is decreased

                          
                                 
  




 

7. Temp is increased

                          
                                 
   


 
8. CaO is removed

                          
                                 
  


 

 

Problem Set #3 
            Applying Le Châtelier's Principle

The oxidation of ammonia is a reversible exothermic reaction that proceeds as follows:

4 NH3 (g) + 5 O2 (g)
⇄
4 NO (g) + 6 H2O (g)
For each situation described in the table, indicate an increase or decrease in overall concentration from the initial equilibrium conditions to the newly re-established equilibrium conditions.
Component

Stress                        

Equilibrium Concentrations    

            



 [NH3]    
[O2]  

[NO]   

[H2O] 

    NH3


addition  











removal







    

 

     O2 


addition








                        
removal








     NO   

addition









removal








     H2O       

addition








                           
removal








 

[NH3]    
[O2]  

[NO]   

[H2O]

Increase in temperature









Decrease in temperature









Increase in pressure










Decrease in pressure










Addition of a catalyst










An inert gas is added










 

Problem Set #4 
                  Le Châtelier’s Principle

 

State the direction in which each of the following equilibrium systems would be shifted upon the 
application of the following stresses. 

 

1.  
2 SO2 (g) + O2 (g)  
⇄ 
 2 SO3 (g) + energy
decreased temperature



2.  
C (s) + CO2 (g) + energy 
⇄  
2 CO (g)
increased temperature



3.  
N2O4 (g) 
⇄ 
2 NO2 (g)


increased total pressure


4.  
CO (g) + H2O (g) 
⇄ 
CO2 (g) + H2 (g)

decreased total pressure


5.  
2 NOBr (g) 
⇄ 
2 NO (g) + Br2 (g)

decreased total pressure


6.  
3 Fe (s) + 4 H2O (g) 
⇄ 
Fe3O4 (s) + 4 H2 (g)
addition of Fe(s)



7.  
2 SO2 (g) + O2 (g) 
⇄
2 SO3 (g)

addition of catalyst



8.  
CaCO3 (s) 
⇄ 
CaO (s) + CO2 (g)

removal of CO2 (g)



9.  
N2 (g) + 3 H2 (g) 
⇄ 
2 NH3 (g)


addition of He




 
 Consider the following equilibrium system for questions #10-16:

 



3 H2 (g) + N2 (g) ⇄ 2 NH3 (g) + Heat.

 

State the effect each of the following will have on the equilibrium system:

10.  
More N2 is added to the system





           ______

11.  
Some NH3 is removed from the system







12.  
The temperature is increased 









13.  
The volume of the vessel is increased 







14.  
A catalyst was added










15.  
An inert gas was added at constant pressure





______
 


16 (a) 
A catalyst is added to the above reaction and equilibrium is allowed to re-establish. Compare the rates of the forward and reverse reactions of the new equilibrium system to that of the original equilibrium system. 


Forward Rate has            
__                     Reverse Rate has _________          

(b)  
If the temperature was increased in the above reaction and a new equilibrium was established. Compare the rates of the forward and reverse reactions of the new equilibrium system to that of the original equilibrium system. 


Forward Rate has                          

Reverse Rate has   

                    

 
(c) 
The volume of the container was increased in the above reaction and a new equilibrium was established. Compare the rates of the forward and reverse reactions of the new equilibrium system to that of the original equilibrium system. 


Forward Rate has                          

Reverse Rate has __________
 

Consider the following equilibrium system





H2 (g) + I2 (g) ⇄ 2 HI (g)
 

Predict the shift, if any, observed when each of the following stresses are applied to the system. 

17. 
The volume of the vessel is increased









18. 
The pressure is increased








19.  
A catalyst is added









 

 Consider the following equilibrium system:

 



3 Fe (s) + 4 H2O (g) ⇄ Fe3O4 (s) + 4 H2 (g)
 

Predict the shift, if any, observed when each of the following stresses are applied to the system. 

20. 
The volume of the vessel is decreased 






21. 
The pressure is decreased








22. 
More Fe is added to the system 







23. 
Some Fe3O4 is removed from the system 






24. 
A catalyst is added to the system 







Consider the following equilibrium:

2 NO (g)   + Br2 (g)  + energy ⇄ 2 NOBr (g)  

Predict the shift, if any, observed when each of the following stresses are applied to the system. 

25. 
The volume of the vessel is increased







26. 
The pressure is decreased 








27. 
More Br2 is added to the system 







28. 
Some NO is removed from the system 






29. 
A catalyst is added to the system







Some CO was added to the equilibrium below and a new equilibrium was established. 



2 CO (g)   + O2 (g) ⇄ 2 CO2 (g) + energy        

30. 
Compare the rates of the forward and reverse reactions of the new equilibrium system to that of the original equilibrium system. 

Forward Rate has                          

Reverse Rate has  


                      

 

31. 
Compared to the original concentrations, after the shift, have the new concentrations increased or decreased?


[CO]


    
[O2]




[CO2]



32. 
Did the equilibrium shift favour the formation of reactants or products?

________________________________________________________________________



A catalyst was added to the equilibrium below and a new equilibrium was established.
2 CO (g)   + O2 (g)  ⇄  2 CO2 (g) + energy        

33. 
Compared to the original system, the rates of the forward and reverse reactions of the new equilibrium. 
Forward Rate has                          

Reverse Rate has ______________ 
34. 
Compared to the original concentrations, after the shift, have the new concentrations increased or decreased?

[CO]


    
[O2]




[CO2]



35. 
Did the equilibrium shift favour the formation of reactants or products?

________________________________________________________________________
The volume of the container was decreased and a new equilibrium was established. 




2 CO (g)   +   O2 (g)  ⇄  2 CO2 (g) + energy        

36. 
Compare to the original system, the rates of the forward and reverse reactions of the new equilibrium. 
Forward Rate has                          
Reverse Rate has 
      

                  
37. 
Compared to the original concentrations, after the shift, have the new concentrations increased or decreased? [CO]


    [O2]



[CO2]


38. 
Did the equilibrium shift favor the formation of reactants or products?



 

Problem Set #5   

 Applying Le Châtelier's Principle 

 

1. 
The chromate and dichromate ions set up an equilibrium system as follows:

 

 

energy + 2 CrO4 2-(aq) + 2 H+(aq)   ⇄
Cr2O7 2-(aq) + H2O (l)


  
      yellow


orange

 

  Describe how the above equilibrium will shift after each stress below:

 








       shift

  color change

Increase in [H+]









Increase in [CrO4 2-]







Increase in [Cr2O7 2-]







Decrease in [H+]









Decrease in [CrO4 2-]







Increase in temperature








Decrease in temperature








Add HCl (aq)










Add NaOH









 

 

2. 
The copper (II) ion and copper (II) hydroxide complex exist in equilibrium as follows:

 

 


Cu(OH)2 (aq) + 4 H2O (l) 
⇄      
Cu(H2O)4 2+(aq) + 2 OH-(aq) + 215 kJ 



             violet    



light blue



 
Describe how the above equilibrium will shift after each stress below:

 








        shift

color change

Increase in [Cu(H2O)4 2+]







Add NaOH









Increase in [Cu(OH)2]







Decrease in [Cu(H2O)4 2+]







Decrease in [Cu(OH)2]







Increase temperature








Decrease temperature








Add KCl (aq)









Add HCl (aq)










 

3. 
Consider the equilibrium that follows:

 

 


4 HCl (g) + 2 O2 (g)   ⇄      2 H2O (l) + 
2 Cl2 (g)    +      98 kJ 




(clear)




(yellow)

Describe how the above equilibrium will shift after each stress below:

 








       shift

  color change

Increase in temperature








Increase [HCl]









Decrease in [Cl2]








Decrease temperature








Add Ne at constant volume








 

4. 
Consider the equilibrium that follows:

 

 


Cu+ (aq)   +    Cl-(aq)    ⇄     CuCl (s)  
ΔH   =   + 98 kJ



      
(green)

Describe how the above equilibrium will shift after each stress below:

Note: Cu+ is green








         shift

  color change

Increase in temperature








Increase [HCl]









Add NaCl










Decrease temperature








Add excess NaOH (aq)





____________
(check your solubility table for a possible reaction)

 

Add CuCl (s)










Add excess AgNO3 (aq)









(check your solubility table for a possible reaction)

Add CuNO3 (aq)







Add Cu(NO3)2 (aq)







5.   Consider the following equilibrium system.

I2(g)    +     Cl2(g)    ⇄   2 ICl (g) + energy
Label the graph that best represents each of the following stresses and shift.

·        adding a catalyst
·        increasing the temperature

·        adding I2(g)
·        removing Cl2(g)
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