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Solubility Rules and Net Ionic Equations

Introduction

In the study of chemical reactions it is helpful to have an idea of which compounds can be expected to form precipitates.  A soluble compound will dissolve in water and therefore not form a precipitate.  An insoluble compound will not dissolve in water and will form a precipitate.  

By making a large number of mixing combinations of homogeneous solutions containing cations and anions, observing the results and correlating them in some logical fashion, the general solubility rules can be derived based on the formation of precipitates.  This is the purpose of this lab activity.

These guidelines can be used to describe the behavior of ionic compounds in solution and to determine which compounds form precipitates.  For example, if sodium ion (Na+) is used as a probe and a large number of observations with different anions indicate no precipitates are formed from aqueous solutions, one conclusion might be: “All sodium salts are soluble in water.  They do not form precipitates”.

In this experiment you will carry out an experiment and use qualitaitve observation data to derive some general solubility guidelines or rules.  By mixing cation and anion solutions as shown on the experimental page each anion can be used as a probe to determine which cations form precipitates with that anion.  You will not make combinations between solutions with common ions.  They will all be soluble and no reaction will occur.

In writing ionic equations, the only ions written are the ones actually taking part in the formation of the precipitate.

Molecular Equation:
KCl (aq)  +  AgNO3 (aq) (  KNO3 (aq)  +  AgCl (s)

Complete ionic equation:
K+ (aq)  +  Cl- (aq)  +  Ag+ (aq)  +  NO3-  (  K+ (aq)  + NO3- (aq)  +  AgCl (s)

Net Ionic Equation:
Ag+ (aq)  +  Cl- (aq)  (  AgCl (s)

Materials & Equipment

Plastic pipets containing solutions representing cations:

aluminum chloride (AlCl3)

lead (II) nitrate (Pb(NO3)2)

ammonium chloride (NH4Cl)

silver nitrate (AgNO3)

sodium chloride (NaCl)

magnesium sulfate (MgSO4)

calcium chloride (CaCl2)

zinc chloride (ZnCl2)

copper (II)sulfate (CuSO4)

potassium iodide (KI)

iron (III) chloride (FeCl3)



Plastic pipets containing solutions representing anions:

sodium carbonate (Na​2CO3)
sodium hydroxide (NaOH)

sodium phosphate (Na3PO4)

sodium chloride (NaCl)

sodium nitrate (NaNO3)

sodium sulfate (Na2SO4)

Equipment:
Plastic reaction surface and empty pipet for stirring.

Safety Issues

WEAR GOGGLES at all times

Procedure:

1. Mix 1 drop of each anion solution with one drop of each cation solution.

2. Use caution to prevent contamination of each pipet by not allowing the end of the pipet to touch any solutions when adding drops.

3. Stir by gently blowing air through a clean dry pipet.

4. Write qualitative observations in the appropriate box on the data table.  Qualitative observations are observations of color, formation of a precipitate (cloudiness or solid), or gas production (bubbling).

Name ______________________________


Section Day and Time _________________








Lab Partner __________________________

Solubility Rules Report Sheet
Data Table:  Qualitative observations of cations and anions mixing.

	             Anions

Cations
	Na​2 CO3
	Na Cl 
	Na OH 
	Na NO3
	Na3 PO4
	Na2 SO4

	Al Cl3
	
	
	
	
	
	

	NH4  Cl
	
	
	
	
	
	

	Ca Cl2
	
	
	
	
	
	

	Cu SO4
	
	
	
	
	
	

	Na Cl
	
	
	
	
	
	

	Fe Cl3
	
	
	
	
	
	

	Pb (NO3)2
	
	
	
	
	
	

	Mg SO4
	
	
	
	
	
	

	K I
	
	
	
	
	
	

	Ag NO3
	
	
	
	
	
	

	Zn Cl2
	
	
	
	
	
	


Write the ionic equations to describe all of the reactions you observed that formed precipitates.  Identify the precipitate and work backwards to find the cation and anion that produced that precipitate.  When writing an ionic equation,  remember that the aqueous ions are written on the reactant’s side of the equation with their charge and (aq) demonstrating the ion as soluble in solution.  The precipitate is written as a compound with (s) demonstrating the compound is insoluble in solution.

1. _______________________________________

2. __________________________________

3. _______________________________________

4. __________________________________

5. _______________________________________

6. __________________________________

7. _______________________________________

8. __________________________________

9. _______________________________________

10. _________________________________

11. _______________________________________

12. _________________________________

13. _______________________________________

14. _________________________________

15. _______________________________________

16. ________________________________

17. _______________________________________

18. ________________________________

19. _______________________________________

20. ________________________________

21. _______________________________________

22. _________________________________

23. _______________________________________

24. ________________________________

25. _______________________________________

26. ________________________________

27. _______________________________________

28. ________________________________

29. _______________________________________

30. _________________________________

31. _______________________________________

32. _________________________________

33. _______________________________________

34. ________________________________

35. _______________________________________

36. ________________________________

Write some general solubility rules from your observations

(e.g.: CO32- anion forms insoluble ppt with Ca2+ … cations)
#1 ________________________________________________________________________________

#2 ________________________________________________________________________________

#3 ________________________________________________________________________________

#4 ________________________________________________________________________________

#5 ________________________________________________________________________________

#6 ________________________________________________________________________________
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