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Experiment                                                Qualitative Analysis of Anions
 10                                Solutions with Ions Cl-, Br-, I-,  SO42-, CO32-, and NO3-
 I. Introduction:
This experiment is an exercise in qualitative analysis where we will be analyzing solutions to determine the presence of anions.  Certain techniques will be used to separate the ions from one another.  
· First you will prepare and analyze a “known” solution which contains all six of the anions; these procedures will enable you to see the color changes, precipitates, and any other special effects of each reaction.  A description of the physical properties and the chemistry of the substances may be seen written in italics in boxed frames.  

· Then you will analyze an “unknown” solution using the same techniques, to determine the presence or absence of each anion.
Solutions of Anions
	Sodium chloride, NaCl
	0.2 M

	Sodium bromide, NaBr
	0.2 M

	Potassium iodide, KI
	0.2 M

	Sodium sulfate, Na2SO4
	0.2 M

	Sodium carbonate, Na2CO3
	0.2 M

	Sodium nitrate, NaNO3
	0.2 M


Test Reagent:
	Silver nitrate, AgNO3
	0.1 M
	Aluminum granules
	

	Nitric acid, HNO3
	6 M
	Potassium permanganate, KMnO4
	0.1 M

	Ammonia, NH3
	6 M
	Barium chloride, BaCl2
	0.1 M

	Sodium hydroxide, NaOH
	6 M
	Barium hydroxide, Ba(OH)2
	saturated

	Acetic acid, HC2H3O2
	6 M
	Mineral oil
	

	Iron(III) nitrate, Fe(NO3)3
	0.1 M in nitric acid, HNO3, 6 M
	
	


To neutralize spills:
Baking soda, NaHCO3(s)

Vinegar, HC2H3O2(aq)

Equipment:
	Test tubes, 6, 13 x 100 mm
	Beaker, 250−mL for hot water bath

	Wire test tube holder
	Beaker, 400−mL for rinsing stirring rods

	Test tube rack
	Hot plate

	Stirring rods
	Corks to fit test tubes

	Beral pipet, graduated
	pH paper or litmus paper

	
	Centrifuge


Safety Alert:
· Most of the acids and bases are very concentrated and can cause chemical burns.

· Acid spills can be neutralized with baking soda, NaHCO3.

· Neutralize base spills with vinegar solution (dilute acetic acid, HC2H3O2)

· Some compounds are poisonous; wash your hands.

· Solutions containing silver and potassium permanganate can cause stains which do not appear immediately.  

Preparation of a Solution for Analysis;
1. Prepare a known solution containing 1 mL of each of the anions to be tested; this will be referred to as the original test solution.

2. Follow the directions for analysis of all the ions, making note of color change, special effects, etc.

3. Aqueous solutions of all of the anions to be tested are colorless.  The positive ion associated with each of the anions will be either sodium or potassium ion.

4. After you have performed all of the tests on your known solution and have identified the characteristics, you will be provided with an unknown solution.

5. The unknown may contain from two to all six ions.

6. Your lab report consists of a 3 x 5 index card with your name, the letter of the unknown, and the identity of the anions.

Separation of the Halides: (Cl−, Br−, I−); 1.Conformation of Chloride.
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The halides all form insoluble silver compounds.  Silver chloride is a white solid, silver 


Bromide is pale cream−colored solid, and the solid silver iodide is light yellow in color.
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Ag+ + Cl- [image: image1.png]
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Silver chloride is the only silver halide that dissolves in 6 M ammonia, NH3, forming the colorless ion,[Ag(NH3)2]+ complex ion.  If nitric acid, HNO3, is added to a solution containing this ion, the ammonia in the complex reacts with hydrogen ions to form ammonium ions, and the silver recombines with the chloride ions that are still in solution.



AgCl(s) + 2 NH3(aq)  → [Ag(NH3)2]+(aq)  + Cl​​­(aq)


[Ag(NH3)2]+(aq)  + Cl​­(aq) → AgCl(s) + 2 NH4+(aq)  
































1. Place 10 drops of the original test solution (or unknown solution) in a test tube.  Test to see if the solution is acidic.  If it is not, add 6 M acetic acid, HC2H3O2, dropwise with stirring until the solution is acidic.  Add 10 drops of 0.1 M silver nitrate, AgNO3.  A precipitate of AgCl, AgBr, and AgI will form.  Centrifuge and pour off the supernatant liquid.  Wash the precipitate with 0.5 mL distilled water, centrifuge, and discard the wash water.
2. Add 0.5 mL of 6 M ammonia, NH3, to the precipitate.  Stir to dissolve any AgCl.  Centrifuge, and pour the supernatant liquid into another test tube to test for chloride ion.  Discard the precipitate of AgBr and AgI in a container provided for disposal of waste solutions.

3. Add 1 mL of 6 M nitric acid, HNO3, to the solution containing the dissolved silver chloride.  The solution will get hot and smoke from the reaction with the excess ammonia whether or not silver chloride is present.  Test with litmus or pH paper to see if the solution is acidic.  If it is not, add more HNO3 until the solution is acidic.  The appearance of the white precipitate of AgCl in the acidic solution confirms the presence of chloride.

2. Confirmation of Bromide and Iodide:



In acid solution, iron(III) ion, Fe3+, is a weak oxidizing agent capable of oxidizing the easily oxidized iodide ion to iodine.  Bromide and other ions present will not interfere.  The nonpolar iodine will preferentially dissolve in nonpolar mineral oil, where it can be identified by its pink to violet color.



2 I-(aq)  +  2 Fe3+ → I2(aq)  +  2 Fe2+(aq)
KMnO4 is a stronger oxidizing agent than the iron(III) nitrate and will oxidize bromide, Br-, to bromine, Br2.  Other ions present will not interfere.  The nonpolar bromine can be extracted into nonpolar mineral oil where it can be identified by its characteristic yellow to brown color.



10 Br-(aq)  +  2 MnO4(aq)  + 16 H+(aq) → 5 Br2(aq)  +  2 Mn2+(aq)  + 8 H2O(l)

1. Place 10 drops of the original test solution (or unknown solution) in a test tube. Add 6 M HNO3 dropwise with stirring until the solution is acidic.  Add 1 mL 0.1 M Fe(NO3)3 in 0.6 M HNO3 solution and stir.  Then add 1 mL of mineral oil, stopper the test tube with a cork stopper and shake for 30 seconds.  The presence of a pale pink to purple color in the mineral oil layer (the top layer) due to dissolved iodine confirms the presence of I- in the original solution.

2. Draw the mineral oil layer off the solution with a capillary dropper and discard in the container provided for waste solutions.  Add 0.1 M KMnO4 solution dropwise with stirring until the solution remains pink.  Again add 1 mL mineral oil, cork and shake the test tube for 30 seconds.  The presence of a yellow to brown color in the mineral oil layer due to dissolved bromine confirms the presence of Br- in the original solution.  Discard the solution in the container provided.
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3. Confirmation of Carbonate.




In acid solution, carbonate forms carbon dioxide gas and water.  The carbon dioxide may be seen as a slight effervescence.  Carbon dioxide is less soluble in hot water than cold water. When carbon dioxide is bubbled through a saturated solution of barium hydroxide, it readily forms a precipitate of white barium carbonate.
2 H+ (aq) + CO32- (aq) [image: image6.png]


 H2O (l) + CO2 (g )      CO2 (g) + Ba2+ (aq) + H2O (l) [image: image7.png]


 BaCO3 (s) + 2 H+ (aq)
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1. If any bubbles were formed when acid was added to the original solution, carbonate is probably present and carbon dioxide is being formed.  A confirmation of the presence of carbonate involves reacting evolving carbon dioxide with barium hydroxide to form white, insoluble barium carbonate.  

2.  Place 2 mL of clear, saturated Ba(OH)2 solution in a test tube to be available for the test with carbon dioxide.  Place 1 mL of the original test solution (or unknown) in a different test tube.  
3.  Acidify this solution by adding 0.5 mL of 6 M HNO3.  Place the tube in a hot water bath and observe to see if any gas bubbles form.  Take a dry Beral pipet and squeeze the bulb closed.  Place the tip of the pipet close to (but not touching) the surface of the liquid in the test tube and slowly release the bulb to draw escaping carbon dioxide gas into the pipet.  Put the pipet in the barium hydroxide solution.  This procedure may be repeated. The formation of a cloudy white precipitate of barium hydroxide confirms the presence of carbonate ion in the original solution. 
4. Confirmation of Sulfate.


         The test for sulfate is the formation of white, insoluble barium sulfate.  This solid is insoluble even in acidic solution.



Ba2+(aq) + SO42-(aq) → BaSO4(s)


1. Place 0.5 mL of the original test solution (or unknown) in a test tube.  Add 6 M nitric acid, HNO3, dropwise until the solution is acidic.  Then add 0.5 mL 0.1 M BaCl2 solution.  The formation of a white precipitate of BaSO4 confirms the presence of sulfate.

5. Confirmation of Nitrate.


            The test for nitrate involves the reduction of nitrate ions in basic solution to ammonia, NH3, using solid aluminum as the reducing agent.  When the solution is heated, ammonia gas is liberated.  The evolving ammonia gas will have an odor and turn litmus paper from pink to blue.


            3 NO3-(aq) + 8 Al(s) + 5 OH-(aq) + 18 H2O(l)→ 3 NH3(g) + 8 [Al(OH)4]−


1.  Place 1 mL of the original test solution (or unknown) in a test tube.  Add 6 M NaOH dropwise until the solution is basic, and then add 6 drops in excess.  Use a Beral pipet to transfer the solution to the bottom of a dry test tube without getting the walls wet with solution.  

2.  Add the tip of a spatula of aluminum granules.  Place a small cotton wad loosely about halfway down the test tube, but not touching the solution.  This is to prevent spattering of the solution on the litmus paper. Hang a piece of litmus or pH paper that has been folded and moistened in the tube so that the bottom of the paper is close to (but not touching) the cotton.

3.  Warm the solution in a hot water bath until it starts bubbling strongly.  Be sure that the solution and the cotton do not touch the paper.  Allow the solution to cool.

4.  A slow color change (within 3 to 5 minutes) will take place, starting at the bottom and spreading to the top, indicating the evolution of ammonia and confirms the presence of nitrate in the original solution.
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I- , purple/pink





NO3-, if pH increases –NH3 present
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AgCl, white ppt
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