Experiment 10

DETERMINATION OF VITAMIN C IN A TABLET
2 lab periods

Vitamin C (L-ascorbic acid) has received much attention lately, as a result of claims that it can cure various diseases, ranging from the common cold to cancer. It is known that vitamin C is an antioxidant and is required for connective tissue synthesis. It is also used for treatment of rheumatoid arthritis. Vitamin C is readily oxidized by iodine in an acidic solution:
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Rather than titrating directly with iodine, a known excess of iodine will be generated directly in the solution with the ascorbic acid, according to the following reaction:

IO3-   + 5I-   + 6H+   (    3I2 + 3H2O

The excess iodine which did not react with the ascorbic acid will then be back-titrated with standard sodium thiosulfate solution:

2S2O32- + I2     (   S4O62- + 2I-
Iodine forms a complex with starch which is dark blue and the endpoint of the titration can be detected by the disappearance of this color. By knowing the total quantity of iodine formed, and the quantity left after reaction with vitamin C, the amount of iodine reacted with the vitamin C can be calculated.

Prelaboratory Assignment

A 25.00-mL sample of orange drink with 2 g of KI and 25.00 mL of 0.0130 M KIO3 added was back-titrated with a 0.0311 M sodium thiosulfate solution.  The titration took 31.24 mL of thiosulfate. Calculate the L-ascorbic acid concentration in the orange drink in mg/mL.

Apparatus
· 50-mL buret

· 25-mL pipet

· 4 250-mL Erlenmeyer flasks

· 500-mL volumetric flask

· 250-mL volumetric flask

· 600-mL beaker

· weighing bottle

· 1-L amber bottle

Chemicals
· “Ecofoam” pellets

· potassium iodate, KIO3
· potassium iodide, KI

· sodium thiosulfate, Na2S2O3
· oxalic acid, H2C2O4
· sulfuric acid, H2SO4, ~ 0.6 M
· sodium carbonate, Na2CO3
· vitamin C tablets

Preparation and Standardization of Na2S2O3 Titrant
1.
Dry approximately 3 g of KIO3 at 100(C for 1 hr.  Completely cool in a desiccator.

2.
Prepare the starch indicator by dissolving about 10 Ecofoam pellets in 500 mL of water.

3.
Boil 500 mL water for 5 min. Weigh sufficient Na2S2O3.5H2O to make a 0.03-M solution and add to the boiled water. Add 35 mg Na2CO3 and store the solution in the dark in a l-L amber bottle. This solution will not be stable for more than one week.

4. Weigh out approximately 0.5 g KIO3 to ±0.1 mg. Quantitatively transfer to a 500-mL volumetric flask and dilute to the mark with water.  Mix well.

5.
Pipet 25.00 mL of KIO3 solution into a 250-mL Erlenmeyer flask and add 2 g KI and 10 mL of 0.6-M H2SO4.  Fill the buret with Na2S2O3 solution and slowly titrate until the solution is pale yellow. At this point, add 2 mL of starch solution and continue adding titrant dropwise until the dark color just disappears.

6.
Repeat step 5 two more times.

Determination of Vitamin C in Tablet
1.
Weigh a vitamin C tablet and grind to a powder with a mortar and pestle.

2.
Dissolve the powder in 10-20 mL 0.6-M H2SO4 and carefully transfer to a 500-mL volumetric flask. Dilute to the mark with distilled water. This is your stock solution.

3.
Pipet 10 mL of the stock solution into an Erlemeyer flask and carefully add about 0.1 g of oxalic acid.

WARNING:
Oxalic acid is toxic.  Handle it with care, and wash your hands after finishing the experiment.

4. Into this Erlenmeyer flask, pipet 25 mL of the KIO3 solution, and add about 2 g of KI and 10 mL of 0.6‑M H2SO4.

5.
Perform triplicate titrations with Na2S2O3 solution as before, adding 2 mL of starch solution just prior to the endpoint. Record the volume of titrant used.

Calculations
1. 
Calculate the molarity of the standard KIO3 solution.

2. 
Calculate the molarity of the Na2S2O3 titrant from the concentration of the KIO3 solution and the volume of titrant needed to titrate 25 mL of the standard KIO3. Report your values for the concentration of Na2S2O3, and the mean, standard deviation, and relative standard deviation of these results.

3. 
Calculate the molarity of ascorbic acid in each of your sample solutions from the volume of Na2S2O3 titrant required to titrate the excess iodine, knowing the total amount of KIO3 which was added, and using the average molarity of the Na2S2O3 titrant determined in step 2.

4. 
From each of your 3 determinations, calculate the amount (milligrams) of ascorbic acid per tablet. Report the average mg/tablet, and the statistical parameters noted on the report form.

Further Reading
1. D. C. Harris, Quantitative Chemical Analysis, 5th ed., Freeman and Sons, San Francisco, 1995, Chapter 16.

2. G. D. Christian, Analytical Chemistry, 5th Edition, John Wiley & Sons, New York, Chapter 12.

3.
D. N. Bailey, J. Chem. Ed., 51 (7) 488-489 (1974).

Questions

1.
Sodium thiosulfate decomposes in an acidic environment. Write a balanced equation for this reaction.

2.
Do you have to dry potassium iodide before using it? Why (not)?

3. 
Why is sodium carbonate used in the preparation of the sodium thiosulfate solution?

4. 
Why do you add oxalic acid to the stock solution of the vitamin C?

5. 
If you were to use this method to do a “real world” vitamin C determination in tablets, would you proceed in the same way? [Hint: this is a matter of statistics]

Experiment 10


Name:__________________________________

Determination of vitamin C in a tablet

Purpose

Weight of KIO3 _______ g

Millimoles of KIO3 ____________

Standardization of Na2S2O3
	Replicate
	            1
	              2
	             3

	Millimoles I2 produced*
	
	
	

	Millimoles Na2S2O3 required*
	
	
	

	Titration volume, mL
	
	
	

	Na2S2O3 conc.
	
	
	


* see relevant reactions

Mean Na2S2O3 conc. ___________M   Standard deviation _________    RSD _______%

Back titration of excess I2 after reaction with vitamin C

	Replicate
	            1
	              2
	             3

	Titration volume, mL
	
	
	

	Millimoles Na2S2O3 
	
	
	

	Millimoles I2 titrated
	
	
	

	Millimoles I2 produced
	
	
	

	Millimoles ascorbic acid
	
	
	

	mg/tablet ascorbic acid
	
	
	


Mean mg/tablet ascorbic acid:  _______ %  Ascorbic acid ________    RSD _______%

At the 95% confidence level:

t = _____________
Error = ___________
% relative error = _________
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