Equilibrium Expressions and Calculations


Name______________________________

Write the equilibrium expression for each of the following.

1.  2H2(g)  +  O2(g)  (  2H2O(g) 

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

3.  NO(g)  +  O3(g)  (  O2(g)  +  NO2(g)

4.  CH4(g)  +  Cl2(g)  ( CH3Cl(g)  +  HCl(g)

5.  CH4(g)  +  H2O(g)  (  CO(g)  +  3H2(g) 

6.  CO(g)  +  2H2(g)  (  CH3OH(g) 

7.  2C2H6(g)  +  7O2(g)  (  4CO2(g)  +  6H2O(g) 

8.  C2H6(g)  (  C2H4(g)  +  H2(g) 

9.  Hg(g)  +  I2(g)  (  HgI2(g) 

10. SnO2(s)  +  2CO(g)  (  Sn(s)  +  2CO2(g) 

11. HCN(aq)  +  H2O(l)  (  CN-(aq)  +  H3O+(aq) 

12. C6H5OH(aq)  +  H2O(l)  (  C6H5O-(aq)  + H3O+(aq)

13. C5H5N(aq)  +   H2O(l)  (  C5H6N+(aq)  +  OH-(aq)

14. HClO2(aq)  +  H2O(l)  (  ClO2-(aq)  +  H3O+(aq)

15. CH3COOH(aq)  +  H2O(l)  (  CH3COO-(aq)  +  H3O+(aq)

16. N2(g)  +  3H2(g)  (  2NH3(g)

17. H2CO3(aq)  +  H2O(l)  (  HCO3- (aq)  +  H3O+ (aq)

18. CO(g)  +  H2O(l)  (  CO2(g)  +  H2(g)

19. N2(g)  +  O2(g)  (  2NO(g)

20. N2O4(g)  (  2NO2(g)

Solve each of the following.

1.  Calculate the equilibrium constant for the following reactions given the conditions provided.


a.  N2(g)  +  3H2(g)  (  2NH3(g)  

[NH3] = 0.0100M; [N2] = 0.0200M; [H2] = 0.0200M


b.  2KClO3(s)  (  2KCl(s)  +  3O2(g)    

[O2] = 0.0500M


c.  H2O(l)  (  H+(aq)  +  OH-(aq)  

[H+] = 1.0 x 10-8M; [OH-] = 1.0 x 10-6M


d.  2CO(g)  +  O2(g)  (  2CO2(g)   

[CO] = 2.0M; [O2] = 1.5M; [CO2] = 3.0M


e.  Li2CO3(s)  (  2Li+(aq)  +  CO3-2(aq)

[Li+2] = 0.2M; [CO3-2] = 0.1M

2.  What is the equilibrium constant of HF in water if the equilibrium concentrations are [HF] = 6.00M and    [H3O+] = 0.0634M and [F-] = 0.0634M?  
HF(aq) + H2O(l)  (  H3O+(aq)  +  F-(aq)

3.  What is the equilibrium constant of H2SO4  in water if the equilibrium concentrations are [H2SO4] = 3.00M; [H3O+] = 0.219M and [HSO3-] = 0.219M?  
H2SO3(aq)  +  H2O(l)  (  H3O+(aq)  +  HSO3-(aq)

4.  For the following reaction, equilibrium is established at a certain temperature when the following concentrations are present:  [CO] = 0.010M; [CO2] = 0.012M; and [H2] = 0.012M.  Calculate the Keq value for this reaction:  CO(g)  +  H2O(l)  (  CO2(g)  +  H2(g)

5.  For the system involving N2O4 and NO2 at equilibrium at a temperature of 100(C, [N2O4] = 4.0 x 10-2M and [NO2] = 1.2 x 10-1M.  What is the Keq value for this reaction?  (See question #20 above for reaction.)

6.  The Haber process enabled Germany to manufacture ammonia for explosives during World War I.  At a pressure of 1000 atm and temperature of 723K, the reaction for the Haber process is as follows:             N2(g)  +  3H2(g)  (  2NH3(g).  If the concentration of nitrogen is 2.95M, the concentration of hydrogen is 7.68M, and the concentration of ammonia is 5.78M, what is the equilibrium constant value for this reaction?

7.  Methanol can be prepared by the reaction of hydrogen and carbon monoxide at high temperatures according to the following equation:  CO(g)  +  2H2(g)  (  CH3OH(g).  What is the concentration of CH3OH if             [H2] = 0.080M and [CO] = 0.025M at 700K, and Keq = 290?

8.  Using a Keq value of 1.7 x 106 at 2027(C for the following reaction, what is the equilibrium concentration of nitrogen monoxide when the concentrations of nitrogen and oxygen at equilibrium are 1.8 x 10-3M and       4.2 x 10-4M, respectively?  

N2(g)  +  O2(g)  (  2NO(g)

9.  Calculate the concentration of C6H5NH3+(aq) if the equilibrium concentration of C6H5NH2 is 3.68M and the concentration of OH- is 3.98 x 10-5 M.     

C6H5NH2(aq)  +  H2O(l)  (  C6H5NH3+(aq)  +  OH-(aq)        Keq = 4.30 x 10-10
10. Calculate the concentration of HNO2 in water if the equilibrium concentration of both H3O+ and NO2- are 0.0430M.  
HNO2(aq)  +  H2O(l)  (  H3O+(aq)  +  NO2-         Keq = 4.30 x 10-4

​(Problem 11 is on the back of this sheet)

11. Calculate the concentration of HBrO in water if the equilibrium concentration of both H3O+ and BrO- are    6.00 x 10-5M.  
 HBrO(aq)  +  H2O(l)  (  H3O+(aq)  +  BrO-(aq)     Keq = 2.00 x 10-9   

Le Chatelier’s Principle

(More Practice!)

I.   N2O4 (g)  +  heat  (  2NO2 (g)

	Stress
	Equilibrium Shift
	[N2O4]
	[NO2]
	Keq

	Add N2O4
	
	
	
	

	Remove N2O4
	
	
	
	

	Add NO2
	
	
	
	

	Remove NO2
	
	
	
	

	Increase Temp
	
	
	
	

	Decrease Temp
	
	
	
	

	Increase Pressure
	
	
	
	

	Decrease Pressure
	
	
	
	


II.   2CO (g)  +  O2 (g)  (  2CO2 (g)  +  heat 

	Stress
	Equilibrium Shift
	[CO2]
	[CO]
	[O2]
	Keq

	Remove CO2
	
	
	
	
	

	Add O2
	
	
	
	
	

	Remove CO
	
	
	
	
	

	Add CO2
	
	
	
	
	

	Remove O2
	
	
	
	
	

	Add CO
	
	
	
	
	

	Increase Pressure
	
	
	
	
	

	Increase Temp
	
	
	
	
	

	Decrease Pressure
	
	
	
	
	

	Decrease Temp
	
	
	
	
	


III.   2NO (g)  (  N2 (g)  +  O2 (g)  +  heat

	Stress
	Equilibrium Shift
	[N2]
	[O2]
	[NO]
	Keq

	Remove NO
	
	
	
	
	

	Add O2
	
	
	
	
	

	Remove N2
	
	
	
	
	

	Add NO
	
	
	
	
	

	Remove O2
	
	
	
	
	

	Add N2
	
	
	
	
	

	Decrease Pressure
	
	
	
	
	

	Increase Temp
	
	
	
	
	

	Increase Pressure
	
	
	
	
	

	Decrease Temp
	
	
	
	
	


IV.   CO2 (g)  +  H2 (g)  +  heat  ( CO (g)  +  H2O (g) 

	Stress
	Equilibrium Shift
	[CO2]
	[H2]
	[CO]
	[H2O]
	Keq

	Remove CO2
	
	
	
	
	
	

	Add CO
	
	
	
	
	
	

	Remove H2O
	
	
	
	
	
	

	Add H2
	
	
	
	
	
	

	Add CO2
	
	
	
	
	
	

	Remove CO
	
	
	
	
	
	

	Add H2O
	
	
	
	
	
	

	Remove H2
	
	
	
	
	
	

	Decrease Pressure
	
	
	
	
	
	

	Increase Temp
	
	
	
	
	
	

	Increase Pressure
	
	
	
	
	
	

	Decrease Temp
	
	
	
	
	
	


