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Introduction
Oxalate compounds have importance in many chemical and biological reactions.  They are used in the photographic sciences, and are the main component of kidney stones.  Excess vitamin C is converted into oxalate and excreted in the gut and urine, therefore, kidney stone patients must limit their intake of vitamin C to control the formation of calcium oxalate stones, as well as foods high in oxalate, such as spinach, beets, and beans. 
Potassium permanganate reacts with oxalate ions to produce carbon dioxide and water in an acidic solution, and the permanganate ion is reduced to manganese (II) as follows:

5C2O42-(aq)  +  2MnO4-(aq)  +  16H+(aq)   → 10CO2(g)  +  8H20(l)  +  2Mn2+(aq)
No indicators are necessary in permanganate titrations because the end point is easily observed.  The permanganate ion is intensely purple, whereas the manganese (II) ion is nearly colorless. The first slight excess of permanganate imparts a pink color to the solution, signaling that all of the oxalate has been consumed.

Using a standardized KMnO4 solution, one can determined the amount of oxalate ion present in an unknown solution.  In this lab, you will prepare a standardized solution of KMnO4 using a known mass of Na2C2O4, similar to preparing a standardized NaOH solution in acid-base titration.  This standardized KMnO4 solution will allow you to accurately measure the amount of unknown oxalate ion in solution.  

Materials
50 mL buret and clamp, beakers, thermometer, stirring rods, balance, bunsen burner, 1.0 M H2SO4, 0.02 M KMnO4, Na2C2O4 standard, Na2C2O4 unknown, goggles

Procedures and Analysis
I.  Standardization of Permanganate Solution with Sodium Oxalate
1.  Weigh out accurately approximately 0.20 g of pure sodium oxalate into a 400 mL beaker.

2.  Add about 250 mL of 1.0 M sulfuric acid; then stir and warm until the oxalate is dissolved at around 80-90oC.  Maintain a temperature above 70o or higher during the next procedure.

3.  While warming, prepare the buret with the 0.02M permanganate titrant.  Titrate the acidified oxalate solution with the permanganate, stirring constantly while above 70oC.  Add the permanganate dropwise when near the end point, allowing each drop to decolorize before adding the next.  The end point is reached when the faintest visible shade of pink remains for 15 seconds.

4.  Calculate the molarity of the potassium permanganate solution.  Repeat the procedure until consistent results appear.

II.  Determination of Oxalate in an Unknown Solution
1.  Weigh out approximately 0.2 g of the unknown oxalate compound.  Add 250 mL of 1.0 M sulfuric acid.  Titrate with the standardized permanganate solution.  Calculate a percent by weight of C2O42-.

