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The Rubber Chicken 

Chemistry Teaching Team
Main Concepts:


Proteins and ions in the body
Module Overview: One function of proteins is maintaining cell and organ structure, as in bone.  In this activity, students observe that a chicken leg bone that has been stored in vinegar is soft and rubbery.  During discussion of their observations they learn that much of bone is a matrix or meshwork of structural proteins that holds salt crystals.  They learn that a mild acid, vinegar, can dissolve these salts, and the protein left maintains the bone’s shape but not its rigidity.  The students are led to ask, “What ions made up the salt crystals that gave the bone its strength?” and perform experiments to answer this question.

Materials:


Goggles and latex gloves

Chicken bones submerged in vinegar (if using a leg bone, prepare 7 days before experiment; smaller bones need 


2-3 days)

portable Bunsen burners


nichrome loops


concentrated hydrochloric acid


0.5M calcium, potassium, and lithium solutions (anion identity does not matter).


Small beakers


Test tubes and test tube racks


Sharpie markers

0.5 M ammonium oxalate, magnesia mix, vinegar, 0.5 M potassium phosphate, 0.5 M copper sulfate or nitrate, 0.5 M calcium nitrate, and 0.5 M potassium nitrate pH 6 in dropper bottles

Safety: Students must wear goggles while performing the flame test, and loose hair should be tied back.
Methods/Protocol:

I. Flame Test

1. Pass around the chicken bones for the students to twist and bend.
2. Turn on the portable Bunsen burner by turning the red knob on the top of the burner counterclockwise 2/3 of the way around (listen for hissing sound) then pressing the red knob on the side of the burner.

3. Demonstrate dipping a nichrome loop into one of the ion solutions and holding it in the flame to observe the color of the flame.

4. students may take turns seeing the color produced by each solution. Make sure that each nichrome loop is used only for one type of solution. The students should see: calcium-orange flame; potassium-violet flame; and lithium- crimson flame.

5. Pour out some of the vinegar from the bone jar into a small beaker. The students may subject this solution to the flame test to determine the identity of the ion(s) in the “bone salts” which have come out of the chicken bones. The students should find that the salts give off an orange flame, indicating calcium is present.

6. Clean the nichrome loops by dipping them into hydrochloric acid and flaming them.

Sample


Flame color
lithium (Li)





calcium (Ca)




potassium (K)

vinegar 

vinegar from bones



II. Precipitate Test

1. Give groups of 3-4 students a set of 10 test tubes in a rack. Instruct the students to label the tubes with what solution is being tested and whether oxalate or magnesia mix is being added, as in the table below.

2. pour some of the vinegar from the bone jar into dropper bottles. Direct the solutions to add ~1 mL of each test solution to their tubes according to the table below. They may then add 10-15 drops of the oxalate or magnesia mixes. Discuss observations; the students should note in the table whether a precipitate formed and what color it was.

	solution
	Result after adding 

oxalate
	Result after adding

 magnesia mix

	Plain vinegar 

(negative control)
	-
	-

	vinegar containing 

bone salts
	White ppt
	White ppt

	Potassium phosphate: 

K3PO4
	-
	White ppt

	copper sulfate: 

CuSO4
	Light blue ppt
	Light blue ppt

	calcium nitrate: 

Ca(NO3)2
	White ppt
	-

	potassium nitrate:

KNO3
	-
	-


Note:  Potassium phosphate will not form a precipitate with magnesia mix unless it is neutral or acidic.  When prepared with only water it is quite basic.

Discussion Questions:

1. What did the vinegar do to the bone? What was left of the bone after it was soaked in the vinegar?

The vinegar made the bone flexible by extracting ions, and left behind the structural protein meshwork.
2. Why did the flame test detect only calcium, but the precipitate test indicated both calcium and phosphate were present?

Flame tests detect an abundant ion well (such as calcium). A less abundant ion (the phosphate) will often be masked by the stronger color of the more abundant ion. The precipitate test was able to detect both calcium and phosphate because calcium and phosphate are detected independently of one another. That is, calcium is detected because it precipitates with oxalate, and potassium is detected because it precipitates with magnesia mix. 
4. What are some foods that are high in calcium?

Dairy; legumes; green vegetables; molasses

5. What are some foods that are high in phosphate/phosphorus?

Meats (especially liver, chicken, and some fish); dairy; legumes; peanut butter; sunflower seeds; eggs; and soda! Excess phosphorus is actually bad for bones because a proper balance of phosphorus, calcium, and magnesium is needed. Eating too much meat or drinking too many soft drinks can lead to excess phosphorus intake.
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