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Supplement – CHEM 112 Exam 3  

 
 
Equilibria of Complex Ions and the Formation Constant, Kf. 
 

� When a hydrated metal cation encounters a Lewis base, often the surrounding water 
molecules are displaced by the incoming base, also called ligand. 

 
� This process has an equilibrium constant called the formation constant, Kf. 

 
� When solving for equilibrium concentrations the only major difference is that we 

assume almost ALL the hydrated metal cation is converted into the complex ion. 
 

� This can be confirmed by noting the high Kf value of the complex ion. 
 
• For most questions dealing with an ion’s formation constant it might be helpful to write out 

the reaction that the formation constant represents: 

 
Example:  
If told that Kf for [Zn(CN)4]2- is 2.0 x 108. We can write out the reaction: 
 
 Zn2+(aq)  +  4CN-(aq)  ⇌   Zn(CN)42-(aq), Kf = 2.0 x 108. 
 
And we can set up the equation: 

 42

2
4

]][[
])([

-+

-

=
CNZn

CNZnK f



 ã LionTutors 2018 
2 

Problem 1: 
Determine Keq for the following reaction: 
 
 [Cu(NH3)4]2+ (aq) + 2 en (aq) ⇌ [Cu(en)2]2+ (aq) + 4 NH3 (aq) 
 
Kf [Cu(NH3)4]2+ = 2.5 x 108,  
Kf [Cu(en)2]2+ = 1.1 x 1014 
 

A. 3.6 x 10-23 
B. 2.3 x 10-6 
C. 4.4 x 105 
D. 1.1 x 1014 
E. 2.8 x 1022 

 
 
 
 
 
 
Problem 2: 
An experiment requires 0.025 moles of Zn(CN)2 to be dissolved into a 1 liter solution while using 
as little cyanide, CN-, as possible. Given the Ksp  and Kf values below, what is the minimum 

concentration of CN- needed to accomplish this task? 
 
Ksp Zn(CN)2 = 5.1 x 10-6 
Kf [Zn(CN)4]2- = 2.0 x 108 
 

A. 4.95 x 10-3 M 
B. 1.05 x 10-4 M  
C. 2.90 x 10-4 M  
D. 1.51 x 10-5 M  
E. 4.50 x 10-6 M  
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Solutions 
 
1C 
To determine Keq for the given reaction we’ll need to use the Kf values provided for the two 
complex ions. If we write out the reactions associated with each of the formation constants, it 
should become clear how we can combine them to create the target reaction.  
 
Remember that the reaction associated with any formation constant is designed to show how 
the compound or complex ion was formed from its constituent components. In the case of the 
two complex ions provided, [Cu(NH3)4]2 and [Cu(en)2]2+, the reaction will show how these ions 
were formed when a metal cation (Cu2+) was bonded to several ligands, NH3 and en.  
 
Note that “en” is an abbreviation for ethylenediamine, a bidentate ligand with a coordination 
number of 2. 
 
The reactions that accompany each Kf value are: 
 
Kf [Cu(NH3)4]2+:  Cu2+ (aq) + 4 NH3 (aq) ⇌ [Cu(NH3)4]2+ (aq) 
Kf [Cu(en)2]2+ :  Cu2+ (aq) + 2 en (aq) ⇌ [Cu(en)2]2+ (aq) 
 
If we reverse the top reaction and leave the bottom reaction alone, we end up getting the 
target reaction when we add them together: 
 
   [Cu(NH3)4]2+ (aq) ⇌ Cu2+ (aq) + 4 NH3 (aq) 
  + Cu2+ (aq) + 2 en (aq) ⇌ [Cu(en)2]2+ (aq) 
    

[Cu(NH3)4]2+ (aq) + 2 en (aq) ⇌ [Cu(en)2]2+ (aq) + 4 NH3 (aq) 
 
To calculate Keq we multiply the two equilibrium constants for the reactions used, remembering 
that because we reversed the top reaction its equilibrium constant is the reciprocal of its 
original value.  
 
So Keq = (1 / 2.5 x 108) x (1.1 x 1014) = 4.4 x 105 
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2A 
The first step is to write out the reactions associated with the two K values given: 
 
Ksp Zn(CN)2: Zn(CN)2 (s)  ⇌		Zn2+ (aq) + 2CN- (aq) 
Kf [Zn(CN)4]2-: Zn2+ (aq) + 4CN- (aq) ⇌ [Zn(CN)4]2- (aq) 
 
The reactions suggest that when any Zn(CN)2 dissolves the resulting Zn2+ ions can react with CN- 
to form the complex ion [Zn(CN)4]2-. Thus if we add the reactions together we get: 
 
  Zn(CN)2 (s) + 2CN- (aq) ⇌ [Zn(CN)4]2- (aq),  Keq = Ksp x Kf = 1.02 x 103  
 
Remember the goal is to solve for the concentration of CN-, so if we set up the equilibrium 
expression for the above reaction we get: 
 

  𝐾$%  = 
['((*+)-./]
[*+/].

, 

 
We can then rearrange the above expression and solve for [CN-]: 
 

  [𝐶𝑁] = 4['((*+)-
./]

567
 

 
Since the question explains that we are trying to dissolve 0.025 moles of Zn(CN)2, it’s fair to 
assume that for every 0.025 moles that dissolve into solution we get 0.025 moles of [Zn(CN)4]2- 
given that they have a 1:1 ratio in the balanced equation. Thus at equilibrium we can expect the 
concentration of [Zn(CN)4]2 to be 0.025 moles / 1 L = 0.025 M. 
 
If we plug this concentration into the above expression along with the Keq = 1.02 x 103 we get 
[CN-] = 4.95 x 10-3 M. 
 


