Soap: Synthesis and Property Testing

FOHS Experiment Week 8

Background:

Making soap has been documented as early as 2800 BC in human history. The process of mixing a fat with a base (historically lye or potash) to make soap is called saponification.  The chemical equation, showing condensed structural formulas, for the formation of a soap from the fat tristearin is shown in Equation One.
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      EQUATION ONE:  Balanced chemical equation for the formation of a soap

Soap is still used for a variety of purposes although detergents have become more popular.  One of the reasons for this is the reaction of soap molecules with other ions dissolved in water, resulting in the formation of “soap scum”. 

In this experiment you will make soap, examine its appears and test for pH, emulsifying ability, and chemical reactivity.

Prelab Assignment:






         _____checked

1. Identify the name of the fatty acid chains in the molecule tristearin.

2. Soap is an effective emulsifier.  What does it mean if something is emulsified?

3. In preparing our soap we are adding fat, sodium hydroxide, and an alcohol.  The sodium hydroxide solution has water as the solvent.  Why do we need to add the alcohol? (Think about polarity and water solubility as your answer this question.)

4. What fat did you bring to lab to make your soap?

Equipment & Chemicals:

fat from home, sodium hydroxide (25%), ethyl alcohol, hot plates, large beakers for hot water bath, large beakers for ice bath, Erlenmeyer flask, mineral oil, deionized water, 5% solution CaCl2, 5% solution MgCl2, 5% solution FeCl3, wide-range pH paper, boiling stones, saturated sodium chloride solution, suction filtration

Experimental Plan:

1. Combine 25 mL of fat with 20 mL of ethanol and 20 mL of 25% sodium hydroxide in a 250-mL Erlenmeyer flask

2. Set up a hot water bath using a large beaker, ring stand, boiling stones, and hot plate.  Diagram your set-up below. (Do not turn on the heat until you get an instructor to check your system.)

3. Once the water bath is boiling add your reaction vessel and heat for twenty minutes with constant stirring.  The alcohol odor will disappear upon heating.

4. Remove the reaction vessel from the boiling-water bath and cool with an ice bath.

5. To precipitate or “salt out” the soap, add 150 mL of saturated sodium chloride solution to the soap mixture. Stir vigorously. Describe your observations below.

6. Use a filtration system to collect your soap. Wash the final soap product with 10 mL of ice-cold water. Describe your soap below.

7. Testing emulsifying properties:  Add 5 mL of mineral oil and 5 mL of water to a test tube. Vigorously shake the tube, allow to settle, and record your observations in Table One.  To a second test tube, place a pea-sized amount of soap and 5 mL each of water and mineral oil.  Vigorously shake the tube, allow to settle, and record your observations in Table One. Compare the appearance of both tubes.

	Mixture of Oil and Water
Observations
	Mixture of Oil, Water, and Soap

Observations
	Comparison of both tubes

	
	
	


       TABLE ONE: Observation Data for Emulsion Study with Oil, Water, and Soap
8. Hard Water Reactions:  Place two “quarter” sized lumps of soap in a 50 mL beaker with 30 mL of deionized water. Warm the beaker on a hot plate with stirring, to dissolve the soap. Add 5 mL of your soap solution into five test tubes.  Into test tube 1 add 2 drops of 5% calcium chloride. Into test tube 2 add 2 drops of 5% magnesium chloride.  Into test tube 3 add 2 drops of  5% iron(III) chloride.  Into test tube 4 add 5 mL of tap water. Record your observations in Table Two.

	Calcium chloride
	Magnesium chloride
	Iron chloride
	Tap water

	
	
	
	


              TABLE TWO: Data Summary for the reactions of soap with hard water ions

9. Testing pH:  Using the fifth test tube you prepared in step eight, test your soap solution for pH using indicator paper.  Indicator paper contains dyes and it is important to use proper technique to prevent sample contamination.  Place the indicator paper on a watch glass. Using a stirring rod, collect a drop of your sample and allow the drop to fall onto the indicator paper.  Record your observations below. 

Questions and Data Analysis:
1. Write the balanced chemical equation, showing condensed structural formulas, that occurs between a vegetable oil—containing fatty acid chains of lauric, palmitic, and oleic acids—with excess sodium hydroxide.

2. Comment on the reactivity of your soap with calcium, magnesium, and iron ions.  

3. Hard water can depend on water source and also on facet usage frequency.  What can you say about the tap water you tested? Where did you get your tap water?
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