DESIGNING MOLECULES – PART III

PREPARATION AND PROPERTIES OF SOAPS
THEORY


When a fat or oil is heated with a base such as sodium hydroxide, soap is formed. The salts of long chain fatty acids are soaps. This reaction is known as hydrolysis or saponification. An example is illustrated in the following chemical equation. 
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The conversion of animal and vegetable fat into soap is process that is atleast 2,500 years old. At present, annual production of soap exceeds 6 million tons. The crude soap is further treated to produce powdered soaps, medicated soaps, perfumed soaps, floating soaps etc. Potassium soaps are more soluble than sodium soaps and readily produce lather. Soaps from solid fats are hard while those from oils are soft. 


Soaps act as cleaning agents because the two ends of a soap molecule are different.  When soap is shaken with water, the nonpolar, hydrophobic (water fearing) carbon chain are pointed away from water. On the other hand, the polar, hydrophilic (water loving) ends of the soap molecule are presented to the water surface. Because of this property, soaps are attracted to both water and grease. Soap molecules aggregate and form clusters so that their hydrophobic ends are in the center and their hydrophilic ends are on the surface. Soap molecules surround the grease molecules and trap them inside the micelles. These micelles can be easily removed in the washing action.


Detergents, often referred to as Syndets, are chemical substances made from petroleum. Detergents were made to replace soaps. Soaps causes problems when used with hard water. Hard water contains Ca2+ and Mg2+ ions which react with soap molecules to form soap scum. This leads to wastage of soap and hard to remove deposits in washing machines, bathrooms etc. like soaps, detergents also have hydrophilic and hydrophobic ends. They also form micelles and trap grease inside them. 
OBJECTIVES

1. Prepare a potassium soap hydrolyzing a fat with potassium hydroxide. You’ll use the potassium soap to make sodium soap. 
2. Examine the properties of soaps and detergents.
3. Gain an understanding of the cleansing action of soaps.
PROCEDURE
A. PREPARATION OF POTASSIUM SOAP

1. Weigh about 1.5 g of shortening or olive oil in a large test tube. Add 10 mL of 10% KOH in 95% ethanol solution. Ethanol will help both the base and the fat dissolve. Place the test tube in a beaker of boiling water. Heat the contents for 15 minutes. If the liquid in the test tube evaporates, replace it with 95% ethanol. DO NOT HEAT THE TEST TUBE DIRECTLY OVER THE FLAME. ALCOHOL IS FLAMMABLE.

2. After 15 minutes, add a drop of the reaction mixture to water. If you see droplets of fat, continue heating for another 10 minutes. If no droplets are seen, the reaction is complete. When the reaction is complete, pour the contents of the test tube into a 100 mL beaker. Heat the beaker on a hot plate until the residue becomes viscous. Care must be taken not to overheat. Overheating can cause the soap to turn brown.
3. Add 30 mL of distilled water and heat gently until a solution is obtained. This is a solution of potassium soap. Divide the contents into two equal portions. Use one half to prepare sodium soap and the other to perform chemical tests. 
B. PREPARATION OF SODIUM SOAP

To one part of the solution, add 15 mL of a saturated solution of sodium chloride solution. Stir well until curdy solid appears. Filter the solid and press the soap between two filter papers. You have now prepared a small sample of sodium soap. Submit the sodium soap to your instructor for evaluation.
C. PROPERTIES OF SOAPS AND DETERGENTS

1. Smear some fat (olive oil or shortening) on a watch glass. Check whether the potassium soap solution can remove the grease. Repeat the test with the sodium soap you prepared.
2. Add 1 mL of potassium soap solution to three test tubes labeled A, B and C. Add 1 mL of each of the following solutions as indicated.
Test tube A
0.1% calcium chloride 

Test tube B
0.1% magnesium chloride

Test tube C
0.1% ferrous chloride

Do you see any solid in the test tubes? 

3. Repeat step 2 (above). Instead of potassium soap, use a commercial detergent.
4. Mix 1 mL of potassium soap solution with 1 mL of tap water. Do you see any solid formation? Repeat the test with distilled water. 

5. Repeat step 4 (above) with a detergent solution instead of potassium soap solution. 

OBSERVATIONS


PREPARATION OF SODIUM SOAP (Step B of Procedure)

Yield of sodium soap in grams ________________

Describe the texture of your sodium soap.

Did your sodium and potassium soap show the same cleansing action? If not, explain.  (Refer to step 1 of Part C)

PROPERTIES OF SOAPS AND DETERGENTS

Did your potassium soap form a solid with any of the metal ions that were added? If so, which? (Refer to step 2 of Part C)
Did the metal ions form solids with the detergent molecules? If not, why? (Refer to step 3 of Part C)
Is the tap water in your laboratory hard? What is your evidence? (Refer to steps 4 and 5 of Part C)
QUESTIONS
1. Explain how addition of the reaction mixture to water (step 2 of the Part A) can serve as a test for checking the completeness of the reaction.
2. Describe how soap molecules function to remove the oily spot. 
3. What ions were responsible for the qualities of “hard” water?
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