
Introduction:

What do stalagmites and stalactites found in caverns have in common with the deposits found on old water faucets?  How were many minerals, now mined as ores, originally formed?  Both involve the process of precipitation, the formation of insoluble or slightly soluble solids.  When oppositely charged ions come in contact, they attract each other, and if that attraction is stronger than the ions’ attraction to water, they form crystalline solids.
When two different ionic solutions with concentrations below the saturation points are combined and a precipitate forms, they have undergone a double replacement reaction in which one of the products is insoluble.  The reaction of aqueous solutions of calcium chloride and zinc sulfate, for example, combines Ca2+ ions and SO42- ions in a concentration above the saturation point of calcium sulfate.  The formation of the precipitate is described by the following equation:

CaCl2(aq) + ZnSO4(aq)   (    ZnCl2(aq) + CaSO4(s)

Insoluble salts can be identified by their low Ksp values (equilibrium dissociation constants).  The identity of precipitates can also be deduced from the results of combining pairs of salt solutions, as you will do in this activity.  A comparison of the products from the combinations allows for the identification of any precipitates that form.  Trends, called solubility rules, can also be found for some ions that tend to form precipitates more readily than others.  A Solubility Rules Table is included with this document.
An example of a solubility rule involves the sodium ion (Na+).  Many people have observed over the years that compounds with sodium ions are very soluble in water, so there is a solubility rule that says "all sodium salts are soluble."  If we combine a sodium compound with another compound and a solid is produced, we can be sure that the positive ion in the product is not sodium. 

Molecular, Ionic and Net Ionic Equations:
A precipitate of barium sulfate forms when aqueous solutions of barium hydroxide and sodium sulfate are mixed.

The reaction of barium hydroxide with sodium sulfate can be written three different ways.  First, there is the balanced Molecular reaction (including physical states) which shows the reactants and products:        
Ba(OH)2(aq) + Na2SO4(aq)  (  BaSO4(s) + 2NaOH(aq)

This only tells that a reaction takes place.  In reality, these will be combined as aqueous solutions.  We can write these in terms of the ions that are involved ("aq" stands for aqueous and "s" stands for solid)
: 
                Ba2+(aq) + 2OH–(aq) + 2Na+(aq) + SO42–(aq)  (  BaSO4(s) + 2Na+(aq) + 2OH–(aq) 

This ionic reaction tells us more information and is a more accurate description of what happens or what does not happen during the reaction.  Notice that the sodium ions and the hydroxide ions do not participate in the reaction at all.  Since they are just hanging around watching, they are called spectator ions.  Barium and sulfate ions combine to form a solid precipitate.  A more useful way to show this reaction is to ignore the ions that are not involved in the reaction. This leaves us with:

     



 Ba2+(aq) + SO42–(aq)   (  BaSO4(s) 

This form is the net ionic equation.  It includes only the positive and negative ions (cations and anions) that are relevant.  For each reaction that takes place in this experiment, you will write the three equations described above. 

In this investigation, you will combine pairs of six given salt solutions and look for precipitates.  After you write a chemical equation for each combination you will attempt to deduce which products are precipitates, and also discover some common solubility rules.

The following molecular animations show precipitate formation of AgCl, PbI2 and CaCO3.  It may be helpful to view these prior to performing the lab.

Below is a molecular view of the AgCl precipitation upon mixing aqueous NaCl and AgNO3:







Na+ (aq)
        NO3- (aq)  

      AgCl(s)


Solubility Rules Lab Activity

Objectives:
· To observe precipitation reactions involving various ionic solutions.
· To develop a set of solubility rules. 

· To write molecular, ionic and net ionic equations for the precipitation reactions observed.

Materials:
· Well plate 
· Prepared dropper bottles containing 0.1 mol/L solutions of the following: 
(Make 3 complete sets for a class of 30)
	
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	Solution 1
	Ba(NO3)2
	Na2SO4
	FeCl3
	CoCl2
	BaCl2

	Solution 2
	BaCl2
	Al2(SO4)3
	Co(NO3)2
	MgCl2
	Sr(NO3)2

	Solution 3
	NaI
	Sr(NO3)2
	CoCl2
	K2SO4
	Na2CO3

	Solution 4
	AgNO3
	BaCl2
	NaOH
	NaOH
	Al2(SO4)3

	Solution 5
	NaNO3
	Ba(NO3)2
	KOH
	Ba(OH)2
	KCH3COO

	Solution 6
	KCl
	AlCl3
	NaNO3
	MgSO4
	AgNO3


Procedure:
1. Obtain dropper bottles containing the six solutions in your set.  In the diagrams below, draw the ions present in each dropper bottle.


2. Draw a data table (similar to the one below for Set 1) for your particular set of solutions.
Data Table I:  Set 1 Reactant Combinations
	
	6
K+/Cl-

	5
Na+/NO3-

	4
Ag+/NO3-

	3
Na+/I-

	2
Ba2+/Cl-


	1
Ba2+/NO3-

	
	
	
	
	

	2
Ba2+/Cl-

	
	
	
	
	X

	3
Na+/I-

	
	
	
	X
	X

	4
Ag+/NO3-

	
	
	X
	X
	X

	5
Na+/NO3-

	
	X
	X
	X
	X


 
3. In the upper left well of the well plate, combine one drop each of the first pair of solutions.  It is critical to add drops from a height of 1-2 cm.  If you touch the tip of the dropper bottle to another solution, the contents of that bottle can become contaminated, ruining the results of other students.  
· If no reaction has occurred (i.e. no precipitate forms), write “NR” in the Data table.

· If a reaction occurs (i.e. a precipitate is formed), write “Rxn” in the Data table. 

4. Continue the solution combinations until each of the solutions have been combined with all of the others (15 combinations).  
Alternate procedure for mixing the solutions:

Place a copy of the data table on your lab table, under a piece of clear acetate (overhead sheet).  Combine the ions in their correct columns and rows by adding one drop of each solution onto the sheet.  Record the appearance or absence of a precipitate on a second copy of the data table. 

Data Table II:  Set 1 Reactants, Products and Observations
	Reactant  Combinations
	Reacting Ions Present
	Did a Reaction Occur 
(Ppt. form)?


	Balanced Chemical Reaction
	Observations (color, solubility of products, etc.)

	#1 and  #6

(of Set 1)
	Ba2+/NO3-
K+/Cl-
	No
	Ba(NO3)2(aq) + 2KCl(aq) ( 2KNO3(aq) + BaCl2(aq)
	-No color change

-Products are soluble

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Data Analysis: 

1. Which combinations of reactants produced precipitates?  For each combination producing a precipitate, write the Molecular, Ionic and Net Ionic Reaction.  Include physical states.
(Find those equations in Data Table II above that have no precipitation in the products.  The products in these equations are salts that must be soluble.  Label each of these salts with (aq), like the reactants that are soluble.  Search for these same soluble salts in the products of the reactions that did produce precipitates.  Where they occur, label them (aq), and note that the other products must be the precipitate.  Label the precipitates with (s) for “solid.”)
2. The products produced when reactants from Combination #1 and #6 (Ba2+/NO3-K+/Cl-) are combined are KNO3(aq) + BaCl2(aq).  A diagram of the ions before and after the combination is shown below:

K+    





     K+    



             NO3-




             NO3-


Ba2+    Cl-




    Ba2+    Cl-


Reactants



                 Products
a) Explain why the ions in the product well are the same as the ions combined as reactants.
b) Would there be a net ionic equation in this case?  Explain.
Summary Activity:

Compile all of the class data for each of the 5 sets of solutions on a large chart (such as the one below) displayed in the class.   

	 
	Cl-
	CH3COO-
	CO32-
	OH-
	NO3-
	I-
	SO42-
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Place an “LS” for Low Solubility in the space where a precipitate was formed.

Place an “S” for Soluble in the spaces where there was no precipitate formed.

Generally, we consider a substance a low solubility compound if it has a solubility of less than 0.1 g per 100 mL.  You may find it necessary to declare some compounds as “slightly soluble”.  Silver sulfate fits this category.
Class Analysis: 

1. Which anions generally form precipitates?  What are the exceptions?  
2. Which anions generally do not form precipitates?  What are the exceptions?  
3. Which cations generally do not form precipitates?   
4. Compare your results with the solubility table included.  Do your results agree with the data on the solubility table?
 
Simply Remember:
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Solubility Rules Table:
	Negative Ion (Anions) 
	Positive Ions (Cations) 
	Solubility of Compounds

	All negative ions are_____with 
	Alkali ions ( Li+, Na+, K+ etc)
	Soluble

	All negative ions are ____ with 
	Hydrogen ( H+)
	Soluble

	All negative ions are ____ with 
	Ammonium ion (NH4+)
	Soluble

	Nitrate NO3- ions are ____ with 
	All positive ions are
	Soluble

	Acetate CH3COO- ions are____ with
	All positive ions are
	Soluble

	Chloride, Cl- 

Bromide Br- 

Iodide I-
	Ag+, Pb2+, Hg22+, Cu+      (


All other positive ions   (
	Low solubility 


Soluble

	Sulfate SO42-
	Ba2+, Sr2+, Pb2+    (
All other positive ions    
	Low solubility 
Soluble 

	Sulfide S2-
	Alkali ions, H+, NH4+, Be2+    
Mg2+, Ca2+, Sr2+, Ba2+    (
All other positive ions    (
	Soluble 

Low solubility

	Hydroxide, OH-
	Alkali Ions, NH4+, Sr2+, Ba2+  (
All other positive ions   (
	Soluble 

Low solubility

	Phosphate PO43- 

Carbonate CO32- 

Sulfite, SO32-
	Alkali Ions, H+, NH4+   (


All other positive ions  (
	Soluble 


Low solubility


Check out the Solubility Rules Song by Michael Offutt: (Lyrics are below the link):
http://www.artistsofnote.com/mike/tapes.html
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Animation:  AgCl precipitation formation (mixing NaCl and AgNO3)


� HYPERLINK "http://www.crescent.edu.sg/crezlab/Webpages/PptReaction4.htm#" �http://www.crescent.edu.sg/crezlab/Webpages/PptReaction4.htm#�





Animation:  PbI2 precipitation formation (mixing Pb(NO3)2 and KI)


� HYPERLINK "http://www.crescent.edu.sg/crezlab/Webpages/PptReaction_PbI2.htm" �http://www.crescent.edu.sg/crezlab/Webpages/PptReaction_PbI2.htm�





Animation:  CaCO3 precipitation formation (mixing Ca(NO3)2 and Na2CO3)


� HYPERLINK "http://preparatorychemistry.com/Bishop_precipitation_frames.htm" �http://preparatorychemistry.com/Bishop_precipitation_frames.htm�














