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Separation of Ions: Qualitative Analysis Lab
Ag+, Pb2+, Hg22+

Context for Qualitative Analysis Lab

Qualitative analysis is an analytical procedure in which the question “what is present?” is answered. In a systematic qualitative analysis scheme, each substance present is separated from the other substances. Then a confirmatory test is used to prove that the isolated substance is the expected one.

In this experiment you will analyze a solution that can contain any combination of three different cations. First of all, you will prepare a solution that is “known” to contain all of the ions, and you will analyze this solution to learn the techniques for the analysis. Then you will analyze an “unknown” solution to determine which ions are present and which are absent. You may have one, two or all three cations in your solution.
Major Concept behind Qualitative Analysis:
Since it is impossible to visually identify the presence of ions (unless they are colored); the presence of ions in a solution is detected by adding a reagent that will precipitate and make the soluble ions visible.   

Based on your solubility rules, could you identify a reagent for Pb2+ ions? 

Note: Even though we talk of cations like Ag+, Pb2+, Hg22+, they are present as ionic compounds like AgNO3, Pb(NO3)2 etc. or acetates of these ions. Since NO3 –or CH3COO-  ions act as spectator, we do not consider them while mentioning these ions. It is impossible to get a cation without anion.
Keywords: 
Reagent: A solution that will selectively react with one ion to create a precipitate.

Precipitate: Solid formed by mixing two solutions.

Spectator Ions: Ions that do not participate in the reaction. They are present before and after the reaction.

Ionic Compound: Made up of a cation and an anion. It can be identified by the presence of a metal cation.

Known Solution: Solution whose chemical composition is known

Qualitative Analysis: A method of identifying and separating different ions present in a solution.
Procedure

Note:  Aqueous solutions of Ag+, Pb2+, Hg22+ are all colorless

I. Testing for Individual Ions (Known Test): In this test, you will be using qualitative analysis techniques to confirm the presence of an ion. Even though you know what ion you are testing for, you will still do this test to see what the results should look like.


Test for Pb2+ Ion: 
· Add few drops of 6 M HCl to 5 drops of Pb2+ ion in a test tube. A white ppt will form. Add 1.0 ml of DI water to this precipitate and heat it in warm water bath. If the precipitate dissolves, Pb2+ might be present.
· Write molecular and net ionic equations for this reaction.

Confirmatory Test for Pb2+ Ion:

· Add 5 drops of 6 M H2SO4 to the dissolved precipitate from previous step. Formation of a white precipitate confirms the presence of Pb2+.
· Write molecular and balanced net ionic equations for confirmatory test of Pb2+ ion.

Test for Ag+ Ion

· Take 5 drops of Ag+ ion and add 5 drops of 6M HCl to it. A white ppt will form. Add about 1 mL of 6M NH3. The precipitate should dissolve upon addition of NH3.
· Write molecular and balanced net ionic equation for addition of HCl to Silver Ion.

Confirmatory Test for Ag+
· Add 15 drops of 6 M HCl to the above solution. The solution will smoke and get very hot. Test this solution with pH paper to make that solution’s pH is acidic. If not acidic, then add more HCl till the pH of this solution turns acidic. Reappearance of a white ppt will confirm presence of Ag+.
· Write molecular and balanced net ionic equations for the confirmatory test for Ag+.

Test for Hg22+

· Take 5 drops of Hg22+ and add 5 drops of 6 M HCl to it. A white ppt will form. 
· Write molecular and balanced net ionic equation for the above reaction.


Confirmatory Test for Hg22+

· Add 1.0 ml of 6 M NH3 to the above ppt. Formation of a dark gray solid confirms the presence of Hg22+
· You do not need to worry about equations for this reaction. 
II. Post Lab: Do the following problems.
The concept of qualitative analysis is applied to various problems on the test. Some sample problems on Qualitative Analysis from AP Tests:

1. In a laboratory class, a student is given three flasks that are labeled Q, R, and S. Each flask contains one of the following solutions: 1.0 M Pb(NO3)2, 1.0 M NaCl, or 1.0 M K2CO3. The student is also given two flasks that are labeled X and Y. One of these flasks contains 1.0 M AgNO3, and the other contains 1.0 M BaCl2. This information is sum​marized in the diagram below.
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(a)
When the student combined a sample of the solu​tion Q with a sample of X, a precipitate formed. A precipitate also formed when samples of solutions Q and Y are combined.

(i)
Identify solution Q.

(ii)
Write the chemical formulas for each of the two precipitates.

(b)
When solution Q is mixed with solution R, a pre​cipitate forms. However, no precipitate forms when solution Q is mixed with solution S.

(i)
Identify solution R and solution S.

(ii)
Write the chemical formula of the precipitate that forms when solution Q is mixed with so​lution R.

(c)
The identity of solution X and solution Y are to be determined using the following solutions: 1.0 M Pb(NO3)2, 1.0 M NaCl, and 1.0 M K2CO3.

(i)
Describe a procedure to identify solution X and solution Y.

(ii)
Describe the observations that would allow you to distinguish between solution X and solution Y.

(iii)
Explain how the observations would enable you to distinguish between solution X and solution Y.

2. Answer the following questions that relate to labo​ratory observations and procedures..


Each of three beakers contains a 0.1 M solution of one of the following solutes: potassium chloride, silver nitrate, or sodium sulfide. Three beakers are labeled randomly as solution 1, solution 2, and solution 3. Shown below is a partially completed table of observations made of the results of com​bining small amounts of different pairs of the solu​tions.

	
	Solution 1
	Solution 2
	Solution 3

	Solution 1
	–   –   –   –
	black pre​cipitate
	

	Solution 2
	
	–   –   –   –
	no reaction

	Solution 3
	
	
	–   –   –   –


(i)
Write the chemical formula of the black pre​cipitate.

(ii)
Describe the expected results of mixing solu​tion 1 with solution 3. Write molecular and balanced net ionic equations.
(iii)
Identify each of the solutions 1, 2 and 3.

3.
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Answer the questions below that relate to the five aqueous solutions at 25(C shown above. Identify a pair of the solutions that would produce a precipitate when mixed together. Write the formula of the precipitate.

