Gateway 125, 126, 130
Fall 2006
Studio 14b  p4

Studio 14b (12/06/06):  Vitamin C

Goal:  Apply redox chemistry to solve a problem 

Group assignments:  A Technician/Researcher; B Leader; C Recorder/Reporter; 

The following case/problem brings ties together many concepts you have studied this semester:  solution chemistry, determining concentration, titrations, redox reactions, density, volume, problem solving, data analysis, history, and biochemistry.  Your ultimate goal by the end of lab is to determine how you would advise a 16th-18th century sea captain who is worried about the sailors on his ship suffering from scurvy.

Data/Fact Gathering

Historically, vitamin C played an important role in the discovery of the "New World."  Sailors on long voyages with no available fresh fruit or vegetables commonly developed scurvy, which was described by Jacques Cartier during his exploration of North America in 1535.
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Symptoms of scurvy include:

· weakness 

· joint pain 

· bruising easily 

· red spots around hair follicles 

· weakened tissues and cartilage 

· gum hemorrhage 

· breakdown & loss of teeth 

If you would like to see more pictures of the effects of scurvy which still exists today
 (and can handle decay and mutation) just search Google Images.

James Lind, a British naval surgeon, performed a pioneering experiment in 1747 and discovered that men who ate citrus fruits quickly recovered from scurvy.  He recommended the addition of citrus fruits to the diets of sailors.  James Cook, a British sea captain, introduced lime juice to the diet of his sailors in 1768.  This led to British sailors being called "limeys."  Lind's recommendation of citrus fruit being added to sailors' diets was finally adopted by the Royal Navy in 1795.  Scurvy disappeared "as if by magic."
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Challenge:  You get to go back in time and help a sea captain preparing for a trans-Atlantic voyage to prevent scurvy from developing in his 20-man crew.  The captain must pack for a 50 day voyage to the New World.  Should he pack oranges, lemons, limes, or grapefruits for the journey?  Remember that he has a very limited amount of cargo space on the ship!

Take advantage of some 20th century knowledge:  The RDA (recommended dietary allowance) of Vitamin C is 60-70 mg per day.
  Also take a look at the following equation:
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1) Is this a redox reaction?  If so, identify the reactant that is reduced and the reactant that is oxidized.  (Hint for Vitamin C use oxidation number rules for charge on O and H, what charge would the carbon atoms then have to share to make the molecule neutral?)

2) A solution of I2 is brown.  When iodine reacts with starch the result is a purple color  Vitamin C, its product, HI, and starch are all colorless.  How could you determine the concentration of Vitamin C in a sample?

Laboratory notes

Since you have to choose a fruit, it would be helpful to know how much vitamin C it contained.  The reaction of Vitamin C with iodine is a good start, but you need to know the exact concentration of the I2 solution as accurately as possible (not just that it is ~1%), so you should standardize it.

Standardization is defined as "accurate determination of the concentration of a solution."  You can determine an unknown concentration by comparing it with a solution of known concentration.  By standardizing the iodine solution using a known concentration of vitamin C, you can use the standardized iodine solution to determine the concentration of vitamin C in an unknown.
Use a vitamin C tablet for the standardization.  Vitamin C is very water soluble (why?) but the tablet may contain fillers that are not.  Your goal is to make a Vitamin C solution that is ~ 100 mg Vit C/50 mL of water.  You probably will want to use a smaller volume of water that you need for your entire solution and then add the remainder after you have mixed up your vitamin C solution.
Carefully prepare your buret with iodine solution - NOTE: iodine will stain so be very careful!  Don't forget to record the initial buret reading.

3) Why are you putting iodine solution in the buret, and titrating the vitamin C sample, instead of putting the vitamin C sample in the buret, and titrating a sample of iodine? What do you think would happen if you did this?

Transfer 50mL of the vitamin C solution to a 250mL Erlenmeyer flask.  Add 20 drops (~1mL) of 0.2M acetic acid (to catalyze the reaction), and 10 drops of 2% starch solution - this step is critical!

4) Why is this starch important? 

Titrate away making sure to swirl the flask continuously (or stir with a stir plate).  Slow your addition of iodine as you near the endpoint.  

5)  What would happen if you overshoot the endpoint? How would this affect your results?

6)  Should you consider doing a second titration?  Or if each group finds the concentration of the I2 solution, can you use this data to ensure that you have an accurate concentration?  (Let your leader communicate with the other groups.)

Use the iodide solution to determine the amount of vitamin C in your assigned fruit.  Dilute your juice sample to a total volume of 50mL using distilled water.  Place the juice sample in a clean 125mL Erlenmeyer flask.  

7) What effect will this dilution have on your results?

8) Does the volume of juice you use for the titration matter?  

9)  Does it matter how much juice is contained in each fruit? Why, or why not?

Add 20 drops of 0.2M acetic acid, and 10 drops of 2% starch solution to the juice sample.  Mix well.  Determine the amount of vitamin C in the juice.

Evaluation:  Assemble the data as a class.  Then in your small group, for your ICP write a short report for the sea captains with your recommendation of the fruits to use for a long sea voyage given the constraints.  Include a data table of the results and reference the data in your report.  (Think about this as the results, discussion, and conclusion section of a lab report.)  Use no more than two pages total.














































































Figure 2:  Ascorbic acid
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Although the scientists knew that citrus fruits could cure scurvy, they didn't know how.  The structure of the "magic" chemical, Vitamin C, was not discovered until 1932.  Vitamin C, also called ascorbic acid (Figure 2), is an essential vitamin for many reasons.  It acts as an antioxidant - if oxidizing agents attack a cell, then vitamin C acts as an electron donor in place of other cell parts, like proteins.


Vitamin C also plays a role in the synthesis of collagen, the most abundant protein in vertebrate animals (such as humans). Collagen is a protein in connective tissue that literally holds us together.  When there is a deficiency of Vitamin C, the symptoms of scurvy occur because collagen breaks down.








Figure 1:  Sailor with scurvy (Source: University of Cincinnati)
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� Sources:  Encyclopedia Britannica, Huskey, R.J.  � HYPERLINK "http://www.people.virginia.edu/%7Erjh9u/vitac.html" ��http://www.people.virginia.edu/%7Erjh9u/vitac.html� (accessed May, 2005.)


� Found in college students on a junk food diet:  � HYPERLINK "http://www.mercola.com/2003/feb/8/junk_food_diet.htm" ��http://www.mercola.com/2003/feb/8/junk_food_diet.htm�; � HYPERLINK "http://www.snopes.com/college/horrors/scurvy.asp" ��http://www.snopes.com/college/horrors/scurvy.asp� (both accessed May 2005)


� � HYPERLINK "http://www.cfsan.fda.gov/~dms/flg-7a.html" ��http://www.cfsan.fda.gov/~dms/flg-7a.html� (accessed May 2005)
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