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Qualitative Analysis
Introduction:
The term qualitative analysis in chemistry refers to a set of procedures used to identify a particular ion or ions in a given sample when it is not necessary to find out the quantity of any ion present. (Recall:  Qualitative observation means non-numerical information, but quantitative means numerical information.)  For our purpose, the solutions have high enough concentration ( > 0.1 M at 25oC) so that any combinations which form possible precipitates will form precipitates. 
In Part I, you will look at a scheme (procedure) for identifying different metal ions belonging to Group 2 of the periodic table (alkaline earth metals), e.g. Mg, Ca, Sr and Ba.  In Part II, you will look at a scheme for identifying four different anions, e.g. carbonate, sulphate, chloride, and iodide.  In each case, after carrying out your reactions, you will be given at least one unknown containing one ion to be identified.
Objectives:
1. To carry out tests on the ions, Mg2+, Ca2+, Sr2+ and Ba2+ that enable each to be identified separately and to use these tests to identify an unknown.
2. To carry out tests on the ions, SO4 2-, CO32-, Cl- and I- that enable each to be identified separately and to use these tests to identify an unknown.

Materials: 
Apparatus
	10 test tubes

(13 mm x 100 mm)

	microwells

	safety goggles



	test tube rack


	plastic gloves

	lab apron




	10mL graduated cylinders


	
	


Reagents
	0.1M Mg(NO3)2

	0.1M Na2SO4

	1M HNO3


	0.1M Ca(NO3)2

	0.1M NaOH

	6M NH3


	0.1M SrCl2

	1.0M Na2CO3

	Unknown containing a cation


	0.1M Ba(NO3)2

	0.1M NaCl

	Unknown containing a anion

	0.02M K2CrO4

	0.2M NaI

	

	0.1 M (NH4)2C2O4
	0.1M AgNO3
	


Procedure and Observations:
Part I:  Qualitative Analysis of Group 2 Elements
1. Put on safety equipment, gloves, safety goggles and lab apron.
2. Obtain a test tube rack and 20 small test tubes.  Place 2 drops of each 0.1 M Mg(NO3)2, Ca(NO3)2, SrCl2, and Ba(NO3)2 respectively in four test tubes.
3. To each test tube, add 2 drops of 0.02M K2CrO4 and observe in which wells a precipitate occurs.  Note whether the amount of precipitate is light or heavy, as well as the colour.
4. Record your observations in Table 1.

5. Repeat step 2, then use 2 mL of 0.1 M (NH4)2C2O4 as the added reagent to test each of the four known cations.  Record your observations.

6. Repeat step 2, then use 2 mL of 0.1M Na2SO4 as the added reagent to test each of the four known cations.  Record your observations.

7. Repeat step 2, then use 2 mL of 0.1 M NaOH as the added reagent to test each of the four known cations.  Record your observations.

8. Obtain an unknown solution labeled “CATION” and carry out separate reactions on 2 mL of the sample with 2 mL of each of the 4 reagents.  Identify the cation by comparing the results with that of the know cations.
Note:  Squeeze out all air to fill a dropper.  This is about 2 mL.
Part II:  Qualitative Analysis of Selected Anions

1. Place 2 mL of 0.1 M Na2CO3, Na2SO4, NaCl and NaI respectively in 4 small test tubes.

2. To each test tube, add 2 mL of 1M HNO3. Observe the results and record them in table 2.

3. Repeat step 1, then to each test tube add 2 mL of Ba(NO3)2.  Observe and record the results.

4. To the test tubes containing precipitates, add 1 M HNO3.  Observe and record the results.

5. Repeat step 1, then add to each test tube 2 mL of 0.1M AgNO3.   Observe and record the results.  

6. Divide the contents of each test tube containing a precipitate in half, placing each half in a separate test tube.  

7. To one set of precipitates, add 1 mL of 1M HNO3.  Observe the results and record them.

8. To the other set of precipitates, add 1 mL of 6M NH3.  Observe and record the results. 
Note:  The 6M NH3is used to help identify precipitates formed with Ag+.  Some of these precipitates can dissolve as a result of the formation of the siver diammine ion, Ag(NH3)2+.

9. Obtain a sample containing a single unknown anion.  Carry out each tests that you used for the known anions and observe the results.  Identify the anion from your results.

Clean-Up:

1. Wash your hands thoroughly with soap and water before leaving the laboratory.

2. Dispose chemicals into designated waste containers.

3. Wash test tubes with detergent and a test tube brush.

Observations: (2 marks)
Part I:  Qualitative Analysis of Group 2 Elements (Alkaline Earth Metals)

	Reagents
	2 drops of 0.10 M Solutions of Group 2 Cations (As Nitrates)

	
	Mg2+
	Ca2+
	Sr2+
	Ba2+
	Unknown Cation

	2 drops

0.02M K2CrO4
	
	
	
	
	

	2 mL 

0.1 M (NH4)2C2O4
	
	
	
	
	

	2 mL 

0.1M Na2SO4
	
	
	
	
	

	2 mL 

0.1 M NaOH
	
	
	
	
	


Part II:  Qualiative Analysis of Selected Anions (2 marks)
	Reagents
	2 mL 0.10 M Solutions of Anions (As Na Salts)

	
	CO32-
	SO42-
	Cl-
	I-
	Unknown Anion

	2 mL
1 M HNO3
	
	
	
	
	

	2mL 
0.1 M BaNO3
	
	
	
	
	

	1 mL1M HNO3
added to the above 
	
	
	
	
	

	2 mL 
0.1 M AgNO3
	
	
	
	
	

	1mL 1M HNO3 

added to the above
	
	
	
	
	

	1 mL 6 M NH3 added to precipitates from AgNO3
	
	
	
	
	


Discussion:
1. State the identity of the unknown cation.  Give the reasoning you used to arrive at your conclusion.  Make connections of the observations and relevant equations or solubility rules to support your answer.  (5 marks rubric)

________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________
2. State the identity of the unknown anion.  Give the reasoning you used to arrive at your conclusion.  Make connections of the observations and relevant equations or solubility rules to support your answer.  (5 marks rubric)

________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________
________________________________________________________________________________
3. Design a sequence of reaction to following (using filtering or centrifuging where necessary to remove precipitates) to separate and identify the cations in a mixture containing the following cations: Mg2+, Ca2+ and Ba2+.  (3 marks)

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
4. In the experiment, the solubility of the precipitate BaCO3 is increased upon the addition of the strong acid HNO3.  Explain how this happens using Le Chatelier’s Principle.  Include the 2 relevant equations to help support your reasoning. (4 marks)

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
5. Why are the reagents used to test for cations usually alkali metal salts or ammonium salts rather than salts of other metals?  (2 marks)

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

6. Why are the reagents used to test for anions usually a nitrate of the cation that is reacting rather than other salts of the cation?  (2 marks)

________________________________________________________________________________________________________________________________________________________________

________________________________________________________________________________

Conclusion: (2 marks)
In a few sentences, state the determined identity of the unknown cation and anion.  Define the process “selective precipitation”, which you used to determine the unknowns.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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