
Introduction:
Water is one of the most under-appreciated substances on earth….
Almost two thirds of our planet is covered by water, and water is the most abundant substance in our bodies. Because water is so common, we tend to take its unique chemical and physical properties for granted.  In fact, water possesses many unusual properties essential to support life on Earth.

One of the most important properties of water is its ability to dissolve a wide variety of substances. The water in nature, therefore, likely contains a variety of dissolved substances. Solutions in which water is the dissolving medium are called aqueous solutions.

Many of the chemical reactions that take place within us and around us involve substances dissolved in water. Nutrients dissolved in blood are carried to our cells, where they enter into reactions that help keep us alive. Automobile parts rust when they come into frequent contact with aqueous solutions that contain various dissolved substances. Spectacular limestone caves are formed by the dissolving action of underground water containing carbon dioxide.
There are three basic types of aqueous reactions:
· Precipitation Reactions - In a precipitation reaction, negatively-charged ions (called anions) and positively-charged ions (called cations) present in the solution combine to form a solid precipitate. 

For example, combining silver nitrate (AgNO3) and ordinary table salt (NaCl) in water will form an aqueous solution that encourages both compounds to dissolve. The resulting anions (Cl-) and cations (Ag+) will tend to precipitate together forming silver chloride (AgCl).  The net-ionic equation shows the actual reaction that is occurring molecularly and can be obtained as follows: 
Molecular, Ionic and Net-ionic Equations:
Molecular Equation: AgNO3 (aq) + NaCl (aq) (   AgCl(s) + NaNO3 (aq) 

Ionic Equation: Ag+(aq) + NO3-(aq) + Na+(aq) + Cl-(aq)  (  AgCl(s) +  Na+(aq) + NO3-(aq) 

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

· Acid-Base Reactions - Acids are substances that tend to lose a proton (H+ cation), while bases tend to accept protons. (Alternately, bases tend to lose an OH- anion.) When both are present in an aqueous solution, the anions and cations combine to form water, thus reducing the overall acidic/basic nature of the solution. 

For example, consider the addition of an acid, hydrochloric acid (HCl), and a base, sodium hydroxide (NaOH), to water:   HCl(aq)  +  NaOH(aq)  (  NaCl(aq)  +  H2O(l)
Net Ionic Equation:     H+(aq)   +   OH-(aq)   (    H2O)l)
· Oxidation-Reduction Reactions - Also known as redox reactions, these reactions involve the oxidation of one substance and the reduction of the other.  In an oxidation-reduction reaction one reactant loses electrons to another reactant. (These reactions will not be considered in this lab)
Objective:

Each participant will receive 12 test tubes. Each numbered test tube will contain a different aqueous solution. The problem is to discover which solution is contained in each tube.

Materials:
12 test tubes
12 aqueous solutions
 Spot plate 
 litmus paper 
12 eyedroppers
Table of solubility rules (included with this document)
The 12 Solutions:

0.2 M potassium chromate

1.0 M aluminum chloride

1.0 M sodium carbonate

6.0 M hydrochloric acid

0.1 M silver nitrate

6.0 M ammonium hydroxide

0.1 M lead(II)nitrate

0.1 M iron(III)nitrate

1.0 M sodium acetate

0.1 M copper(II)sulfate

0.1 M nickel(II)chloride

Procedure:

The names (but not the order!) of the 12 solutions will be given one week prior to the lab.

Prior to the lab:

1.  Draw the molecular contents (ions and water molecules) of each test tube on the diagram provided.

2.  Research the colors of all ions, possible precipitates, acid-base behavior, odors, reactions with other substances, etc.   Gather as much information about the identity and reactivity of each solution as possible. 
On the day of the lab:
3. Use your research and any observations regarding color, odor, and litmus test results to make a preliminary conclusion about the identities of any of the 12 solutions.

4. To obtain further information about the solutions in each test tube, two drops of the solution from one test tube should be mixed in a depression of the spot plate with 2 drops of another solution. Note the reaction and proceed to test as many combinations as are needed to verify the identities of the 12 solutions.  Be sure to note any color changes, precipitate formation, smoke, heat, odor, effervescence etc. in the data table provided.
Submit:

1. A data table of your results (you can use the one provided)

2. Logical explanations of how you determined the identity of each solution.
3. Net-ionic equations for all reactions observed, including a molecular sketch of the reaction in each well of the spot plate. 
Summary Questions:

1. Which aqueous solutions contained ions that were coloured?  Which ion was responsible for the color?
2. Which individual solutions had odors?

3. Did any of the solutions effervesce when mixed together?  What was the identity of the gas that caused the bubbling?  How could you test the gas to confirm its identity?

4. Did any of the solutions generate heat when mixed together?  What type of reaction generates heat, endothermic or exothermic?

5. Did any of the solutions smoke when mixed together?

6. Which solutions formed a precipitate when mixed together?

7. Explain, on the molecular level, why reactions occur very quickly in aqueous solutions compared to the reaction of two solids.

8. Explain what is meant by a “net ionic equation”.

9. Develop your own test tube mystery lab with 6 different aqueous solutions available in your laboratory.  Use interesting ones with color in which some will form heat, bubbles or precipitates.  Submit to your teacher for approval.

Draw the contents (molecules and ions) of all test tubes below:
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Data Table – Reacting Solutions:

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	1
	X
	
	
	
	
	
	
	
	
	
	
	

	2
	
	X
	
	
	
	
	
	
	
	
	
	

	3
	
	
	X
	
	
	
	
	
	
	
	
	

	4
	
	
	
	X
	
	
	
	
	
	
	
	

	5
	
	
	
	
	X
	
	
	
	
	
	
	

	6
	
	
	
	
	
	X
	
	
	
	
	
	

	7
	
	
	
	
	
	
	X
	
	
	
	
	

	8
	
	
	
	
	
	
	
	X
	
	
	
	

	9
	
	
	
	
	
	
	
	
	X
	
	
	

	10
	
	
	
	
	
	
	
	
	
	X
	
	

	11
	
	
	
	
	
	
	
	
	
	
	X
	

	12
	
	
	
	
	
	
	
	
	
	
	
	X


Solubility Rules:
	Soluble
	Insoluble
	Exceptions

	Most nitrates (NO3-) and ammonium (NH4+) compounds 
	 
	 

	Most Group I compounds
	 
	 

	Most chloride, bromide, and iodide (Cl-, Br-, I-) compounds 
	 
	Compounds that also contain silver, lead, or mercury (Ag+, Pb2+, Hg22+) are insoluble

	Most sulfates (SO42-)
	 
	Compounds that also contain barium, lead, mercury, or calcium (Ba2+, Pb2+, Hg22+, Ca2+) are insoluble

	 
	Most hydroxides (OH-)
	Compounds that also contain Group I elements are soluble and compounds that also contain Group II elements are marginally soluble

	 
	Most sulfides, carbonates, chromates, and phosphates (S2-, CO32-, CrO42-,PO43-)
	Compounds that also contain Group I elements or ammonium (NH4+) are soluble
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