INSTRUCTOR INFORMATION

How Do We Know What Happens When Ionic Compounds Dissolve in Water?

introduction

When an ionic compound dissolves in water, it dissociates into ions and the resulting solution will conduct electricity. Dissolving solid potassium chloride in water releases ions according to the equation:

KCl(s) 

 K+(aq) + Cl–(aq)
What occurs when CaCl2(s) dissolves in water? Ordinarily, students are told that CaCl2(s) dissociates into Ca2+(aq) and two Cl–(aq) ions. Comparison of the graphs of conductivity vs. drops added for these two electrolytes shows that the slope for CaCl2 is 1.5 times as great as that of KCl. Since conductivity is proportional to the number of ions in solution, this evidence supports the conclusion that each formula unit of CaCl2 produces three ions for every two produced by KCl.

Instructors are often challenged when inquisitive students ask them to explain what happens when a compound containing polyatomic ions (such as KNO3) dissolves. Without evidence, instructors must simply assert that sometimes groups of atoms behave as a single charged particle. The student procedure for this activity can be used as an extension for Experiment 14, “Conductivity of Solutions,” from Chemistry with Vernier. An alternative, described below, would be to perform a demonstration to facilitate classroom discussion of what occurs when compounds containing polyatomic ions dissolve in aqueous solution. Comparison of the slopes of the graphs of conductivity vs. number of drops for solutions of KNO3 and NH4NO3 to those of KCl and CaCl2 provides evidence for the existence of polyatomic ions in solution.

Procedure
Use the procedure described below if you are performing this experiment as a demonstration. More detailed set up instructions can be found in the student version of this experiment.
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1.
Make sure that the Conductivity Probe is immersed so that the hole near the probe end is completely submerged in the solution being tested. If 0.10 M solutions are being tested, set the sensitivity to the 200 (S/cm setting.  If 1.0 M solutions are used instead, use the 2000 (S/cm setting.

2.
After each addition of KCl(aq) wait until the sensor reading stabilizes before clicking or tapping Keep. This may take as long as 30 s.

3.
Continue this process of adding the electrolyte to the solution and keeping the reading until 7 or 8 aliquots have been added. Stop data collection. 

4.
Perform a linear fit to the graph and record the slope.

5.
After each data set has been collected and saved, rinse the probe tip with distilled water from a wash bottle. Carefully blot the probe dry with a tissue.
6.
Repeated data collection with 0.10 M CaCl2. Students should note that slope of this graph is approximately 1.5 times as large as that obtained for KCl (see Figure 2). This is consistent with the conclusion that each formula unit of CaCl2 produces three ions for every two produced by KCl.
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Figure 2  Conductivity vs. number of drops for KCl

7.
Repeat the experiment with 0.10 M KNO3. Before data collection, ask students to make a prediction about how the slope of the graph of conductivity vs. drops will compare to those of the previous two trials. The graph for KNO3 is shown in Figure 3.
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Figure 3  Conductivity vs. number of drops for KNO3 


While the slope of the graph for KNO3 is not the same as that for KCl, it is within 5% of that value. Postpone discussion of possible reasons for any differences until after the analysis of the trial with NH4NO3. Clearly, the values of the slopes for KNO3 and KCl are much closer to each other than to the value for CaCl2. Ask students to conclude how many ions are formed when KNO3 dissolves in water, then state the formula and charge of the nitrate ion. 


KNO3(s) ( K+(aq) + NO3–(aq)

8.
Collect data with NH4NO3. The value of the slope is 0.910 µS/cm/drop, less than 3% greater than that for KCl (see Figure 4). Again, ask students to conclude how many ions are formed when NH4NO3 dissolves in water, then state the formula and charge of the ammonium ion.


NH4NO3 ( NH4+(aq) + NO3–(aq)
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Figure 4  Comparing slopes of conductivity vs. drops for KCl, KNO3, and NH4NO3 

	Salt
	Slope of conductivity vs. drops (µS/cm/drops)

	KCl
	0.893

	KNO3
	0.834

	NH4NO3
	0.910


additional information
The conductivity of salts vary and is determined by factors such as the size of the ions, the number of ions and the charge density in solution. As the concentration increases, the ions move closer together; this causes an interaction between the ions in which each cation is surrounded by oppositely charged anions. Likewise, each anion is surrounded by a group of cations. Interionic interaction is an important contributing factor for strong electrolytes. As a result, solutions of strong electrolytes can behave as if dissociation were incomplete. These interactions between the oppositely charged ions can reduce the chemical potential and can help explain the small differences when comparing the slopes on these graphs. 
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