
1. Solid silver is added to a solution with the initial concentrations: [Ag+] = 0.200 M, [Fe2+] = 0.100 
M, and [Fe3+] = 0.300 M.  The following reaction occurs, for which Kc = 2.98 at 20 °C.

	
 Ag+(aq)  +  Fe2+(aq)  ⇌  Fe3+(aq)  +  Ag(s)

What are the ion concentrations when equilibrium is established?

2. Carbon monoxide and chlorine react to form phosgene, which is used in the manufacture of 
pesticides, herbicides, and plastics.  What will be the amount of each substance when equilibrium 
is established in a reaction mixture that initially has 0.0100 mol CO, 0.0100 mol Cl2, and 0.100 
mol COCl2 in a 10.0 L flask (Kc = 1200 at 668 °C)?

CO(g)  +  Cl2(g) ⇌ COCl2(g)
	
 carbon monoxide	
 chlorine	
 phosgene

3. The value of Kc for the reaction of acetic acid with ethanol is 3.4 at 25 °C.  Calculate the 
molarity of all species present in an equilibrium mixture prepared by mixing 1.0 L of 1.0 M 
acetic acid with 1.0 L of 1.0 M ethanol.

 CH3COOH(aq)  +  CH3CH2OH(aq) ⇌ CH3COOCH2CH3(aq)  +  H2O(l)
	
 acetic acid	
 ethanol	
 ethyl acetate	
 water

4. The air pollutant NO is produced in automobile engines because of the high-temperature reaction 
between nitrogen and oxygen gas.  If the initial concentrations of nitrogen and oxygen gas are 
1.40 M, what are the concentrations of all components when the mixture reaches equilibrium at 
2300 K (Kc = 0.0017)?

	
 N2(g)  +  O2(g) ⇌ 2 NO(g)

5. The equilibrium for the Haber process at 472 °C is Kc = 0.105.  A 2.00 L flask is filled with 0.500 
mol of NH3 and is allowed to reach equilibrium at 472 °C.  What are the equilibrium 
concentrations of all species?

	
 N2(g)  +  3 H2(g)  ⇌  2 NH3(g)

6. For a mixture of N2, O2 and NO with the following initial concentrations, what will be the 
equilibrium concentrations of all the species at 2300 K? [N2]i = 0.60 M; [O2]i = 1.3 M; [NO]i = 
2.2 M. (See problem 4.)
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