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The Importance of Ionic Strength

Learning Objectives
Students should be able to:

Content

• Be able to describe the role of electrolytes in determining the ionic strength of solutions.

• Be able to explain, on a microscopic level, the effect of ionic strength on equilibrium concentrations. 

• Be able to calculate the ionic strength of a solution and predict its impact on equilibrium concentrations.

Process

• Identifying key properties of electrolyte solutions. (Problem solving)

•  Depicting a shared understanding of microscopic solution interactions. (Information processing,  
teamwork)

• Challenging assumptions. (Critical thinking)

Prior knowledge
• Be able to calculate equilibrium concentrations for solution species. 

• Be familiar with precipitation reactions and the solubility of sparingly-soluble salts.

• Be familiar with the basic properties of an electrolyte.

• Be familiar with Le Châtelier’s Principle and the impact of common ions on equilibrium compositions. 
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Suppose that we are given the following reaction and the accompanying solubility product equilibrium constant:

AgBr(s)  W�Ag+(aq) + Br - (aq)

Ksp = 5.0 x 10-13

Consider this…

Key Questions

Solubility is defined as the amount of solid that dissolves in a solution, usually expressed in units of  
mol/L or g/L.   

1. Calculate the [Ag+] and [Br-] in a saturated solution of AgBr(s) in deionized water.

2. Consider the equilibrium of AgBr(s) in an aqueous solution. According to Le Châtelier’s Principle, 

  a) adding some additional Ag+ ions would cause [Br-] to 

  INCREASE               DECREASE                NOT CHANGE

   Briefly provide your rationale:

  b) removing some Ag+ ions would cause [Br-]  to 

    INCREASE               DECREASE                NOT CHANGE

   Briefly provide your rationale:

  c) adding some KNO3 would cause [Br-]  to 

    INCREASE               DECREASE                NOT CHANGE

   Briefly provide your rationale:
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Consider this…

KNO3 is a strong electrolyte, that is, it completely dissociates in water to yield a stoichiometric quantity of ions.   
It has been added in varying concentrations (as shown in Table 1) to a saturated solution of AgBr(s). 

Solution Initial electrolyte 
concentration [Ag+] = [Br-]

Deionized water 0 7.1 x 10-7 M

KNO3 1.0 x 10-5 M 7.1 x 10-7 M

1.0 x 10-4 M 7.2 x 10-7 M

1.0 x 10-3 M 7.3 x 10-7 M

1.0 x 10-2 M 7.9 x 10-7 M

1.0 x 10-1 M 9.5 x 10-7 M

Table 1  

Key Questions

3. Does the value you calculated in Q1 agree with any of those shown in Table 1? If so, which ones?  

4. Examine the data in Table 1. As [KNO3] increases, do [Ag+] and [Br-]  

 INCREASE               DECREASE                STAY THE SAME 

5. Is your answer to Q4 consistent with your prediction in Q2c?  

6.  In a grammatically correct sentence, summarize the impact of increasing the KNO3 concentration on the  
solubility of AgBr(s).
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7.  As a group, brainstorm the properties of an ion that will affect its ability to contribute to the ionic strength of 
the overall solution.

Ionic strength is a measure of the total ion concentration of a solution. It is given the symbol µ and has units 
of molarity.  

Consider the Ag+ ion. Since it has a positive charge it will tend to attract any negatively charged ions present 
in solution. When it appears in a solution of distilled water in which there aren’t many other ions available, you 
can imagine that it is surrounded by polar water molecules, with the negative end of several water molecules 
in close proximity to the positively charged ion.

When the ion is in a solution containing other ions, some of the oppositely charged ions are attracted to it, 
just like one end of the polar water molecule. The ions that closely surround the equilibrium ion are referred to 
as the “ionic atmosphere” for that ion. The whole assembly is called the “solvated ion.”

8.  When Ag+ (from solid AgBr) appears in an aqueous solution of KNO3, which ions will be in close  
proximity to it?

9. When Br- (from solid AgBr) appears in a solution of KNO3, which ions will be in close proximity to it?  

10.  As a group, draw a picture below showing Ag+ surrounded by the ions that comprise its ionic atmosphere.  
Draw another picture below showing Br- surrounded by its ionic atmosphere. In your pictures, represent the 
ions in relative amounts, and be sure to also include some water molecules. When you are done, compare 
your pictures with those produced by other teams.
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11.  Does the ionic atmosphere around the silver ion enhance or diminish its +1 charge? Justify your choice.

12.  Does the ionic atmosphere around the bromide ion enhance or diminish its -1 charge? Justify your choice.  

13.   Do the ionic atmospheres surrounding Ag+ and Br- enhance or diminish their electrostatic attraction for each 
other? Explain your reasoning.

14.   If the charges on the Ag+ and Br- ions are surrounded by their respective ionic atmospheres, do you expect 
the solubility of AgBr(s) to 

 INCREASE               DECREASE                STAY THE SAME 

   What information did you use to determine this? Compare your answers as a group, and provide information 
that supports your response. Verify your answer by looking at Table 1. What happens to the [Ag+] and [Br-] as 
the concentration of the inert salts increases?

15.   In a grammatically correct sentence, explain why increasing electrolyte concentration has the effect on the 
solubility of AgBr(s) that is observed.
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Consider this…

Mg(NO3)2 is another strong electrolyte which dissociates completely in water. It has been added in  
varying concentrations (as shown in Table 2) to a saturated solution of AgBr(s). 

Solution Initial electrolyte 
concentration [Ag+] = [Br-]

Deionized water 0 7.1 x 10-7 M

KNO3 1.0 x 10-5 M 7.1 x 10-7 M

1.0 x 10-4 M 7.2 x 10-7 M

1.0 x 10-3 M 7.3 x 10-7 M

1.0 x 10-2 M 7.9 x 10-7 M

1.0 x 10-1 M 9.5 x 10-7 M

Mg(NO3)2 1.0 x 10-5 M 7.1 x 10-7 M

1.0x 10-4 M 7.2 x 10-7 M

1.0 x 10-3 M 7.6 x 10-7 M

1.0 x 10-2 M 8.7 x 10-7 M

1.0 x 10-1 M 1.2 x 10-6 M

Table 2  

Key Questions

16. Examine the data in Table 2. As the initial concentration of Mg(NO3)2 increases, do [Ag+] and [Br-]  

INCREASE                    DECREASE                   STAY THE SAME 

17.   Now, look at the solubility of AgBr(s) at the same concentration (perhaps 1 x 10-3 M) of the two different  
electrolytes (KNO3 and Mg(NO3)2) in Table 2. With which electrolyte is AgBr(s) more soluble?  
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18.  As a group, list the differences in the properties of solutions of a solution of Mg(NO3)2 and a solution of KNO3 
(with equal concentrations) that might cause them to have different impacts as electrolytes.    

19.  Assume (NH4)2X (s) was a soluble ionic salt used to make up an electrolyte solution. At similar concentrations, 
would you expect it to behave more similarly to a solution of Mg(NO3)2 or a solution of KNO3?  
Justify your choice.  

20.  Why are KNO3 and Mg(NO3)2 considered to be strong electrolytes, while a saturated solution of AgBr(s) isn’t?

Consider this…

The ionic strength of a solution (µ) is: 

+���Z-Cizi
2

where z is the charge on an ion and C is its concentration in units of molarity.

The total number of ions in a solution changes the behavior of the ions in equilibrium (in this case [Ag+]  
and [Br-].) 

ions
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21.   Consider an electrolyte solution of 1.0 x 10-2 M KNO3. Calculate the following and verify your answers with 
your group:

  a) The total concentration of all the ions in this electrolyte solution.

  b) The ionic strength of this solution.

22.  Consider an electrolyte solution of 1.0 x 10-2 M Mg(NO3)2. Calculate the following and verify your answers with 
your group.

  a) The total concentration of all the ions in this electrolyte solution.

  b)  The ionic strength of this solution.

23. a) Fill in Table 3 below with your answers from Q21 and Q22.

  b)   Support or refute this claim using evidence from Table 3, or refine it as needed: 
“A slightly soluble salt such as AgBr(s) will become more soluble as the total ion concentration of the  
solution increases.”

Solution Initial electrolyte 
concentration

Total ion  
concentration

Ionic strength 
(+) [Ag+] = [Br-]

Deionized water 0 0 0 7.1 x 10-7 M

KNO3 1.0 x 10-2 M 7.9 x 10-7 M

KNO3 1.5 x 10-2 M 3.0 x 10-2 M 1.5 x 10-2 M 8.0 x 10-7 M

Mg(NO3)2 1.0 x 10-2 M 8.7 x 10-7 M

Table 3  
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24. As a group, generate a list of the new properties you learned about solutions from this activity.  

25.  How did your team reach consensus regarding the picture representing the microscopic solution  
interactions?  

Applications

* Note – Application questions 26-30 refer to the slightly soluble AgBr(s) system described in this activity, with 
varying concentrations of the supporting electrolyte.  

26.  Calculate the ionic strength (µ) of a) 1.0 x 10-3 M KNO3 and b) 1.0 x 10-3 M Mg(NO3)2. Verify that the ionic 
strength of Mg(NO3)2 is indeed greater than that of KNO3 at the same concentration.

27.  Do the concentrations of Ag+ and Br- resulting from the dissolution of AgBr(s) contribute significantly to the 
ionic strength of either of these solutions? Explain.

28.  Calculate the ionic strength of 0.10 M NaNO3. What do you expect the concentration of Ag+ and Br- to be  
in this electrolyte? 

29.  Calculate the ionic strength of 0.010 M Na2SO4. What do you expect the concentration of Ag+ and Br- to be in 
this electrolyte? 

30.  Calculate the ionic strength of 0.020 M KBr plus 0.010 M Na2SO4. Do you expect the concentrations of Ag+ 
and Br- to be higher or lower than those in Application Question 29? 

31.  What is the ionic strength of a solution containing 0.010 M MgSO4 and 0.050 M HCl?

32.  An electrode was constructed in lab that measures equilibrium silver ion concentrations in solutions saturated 
with particular insoluble silver salts such as AgCl(s). Effective measurement of the silver ion at these trace 
levels requires that the ionic strength of the solutions in which Ag+ is measured be held constant.  

  a)  In Step 1 of the experiment, 10.0 mL of a solution containing 0.0010 M AgNO3 and 0.100 M NH4NO3 is 
diluted to 100.00 mL in a volumetric flask. What is the resulting ionic strength of this solution?

  b)  To the 100.00 mL solution made in Step 1,10.00 mL of a solution containing 0.0100 M NH4Cl is added.  
Verify that the ionic strength has in fact been kept constant, assuming that stoichiometric amounts of AgCl 
are formed, with Ag+ acting as the limiting reagent.  
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33.   This figure is used with permission from the following article: Marzzacco, C.J. 1998. “The Effects of Salts and  
Nonelectrolytes on the Solubility of Potassium Bitartrate.” J. Chem. Ed. 75 (12): 1628.

Explain the trends shown in this graph.  

  a)   Why doesn’t the solubility of potassium hydrogen tartrate appear to change upon increasing  
additions of glucose?

  b)  Why does the solubility of potassium hydrogen tartrate increase as NaCl is added?

  c)  Why does the solubility of potassium hydrogen tartrate show a greater increase with the addition of 
MgSO4 than with the addition of NaCl?

  d)  Why does KCl decrease the solubility of potassium hydrogen tartrate unlike NaCl? Why is the effect  
more dramatic than that seen with NaCl?

34.  It’s desirable for systems containing water such as boilers, holding pools, plumbing and such to be protected 
from corrosion on the inside by a thin coating of water-insoluble CaCO3. Unfortunately, in the real world, a few 
things can happen that might interfere with this. If the water is soft (low or zero Ca+2 concentration), this thin 
layer of CaCO3 can dissolve over time, leaving the surfaces prone to corrosion. Such water is referred to in 
this context as aggressive. Conversely, if the water is very hard (high Ca+2 concentration), excessive amounts 
CaCO3 can form. This is a particular problem when the water is heated. Such water is referred to as scaling. 
Water that is neither aggressive nor scaling is said to be in balance.

   As you might imagine, ionic strength plays a role in the matter of balance. Suppose that one has the choice 
of filling a large industrial boiler system with rainwater (for all intents and purposes distilled) or processed 
sewer water (from which the gross stuff has been removed but not all the sodium ions, chloride ions, sulfate 
ions, etc. that found their way in there during the journey from the tap). For which of rain water and reclaimed 
sewer water will [Ca+2] have to be higher to achieve balance? Explain how you arrived at your decision.


