Name ___________________________________   Date _____________  Period ______

Regents Biology Laboratory Investigation

CHEMICAL IDENTIFICATION OF LIPIDS
Background Information


All too often we think of lipids – otherwise known as fats – as something to be avoided.  The fact of the matter is, however, that without lipids, life as we know it could not possibly have come into existence.


Lipids are, as you now know, non-polar.  As such, they will not mix with polar molecules such as water.  This fact is what allowed the very first cells to form.  When water and a lipid such as oil are combined, the lipid tries to contact the water as little as possible.  In doing so, the lipid forms small bubblets that allow a very small amount of the lipid to actually touch the water.  This tendency of lipids to form small spheres in water is what led to the first cell membranes.  Once the lipid membrane formed, it acted as a way to keep chemical reactions inside the primitive cell separated from those on the outside, and cells as we know them came to be.  Soon, proteins, carbohydrates, nucleic acids and other molecules were taken into the cell, and life was off and running.


A lipid molecule is made up of a “backbone” of glycerol.  Glycerol is an alcohol that is chemically similar to the ethanol that is found in fermented beverages.  Off of the glycerol “backbone,” there are two or three fatty acids.  Fatty acids consist of a large chain of carbons and hydrogens.  The large number of hydrogen atoms, and thus the large number of covalent bonds allow lipids to hold a tremendous amount of energy.  Indeed, most lipids have about nine kilocalories of energy per mole, while most carbohydrates (which many organisms use for “quick energy”) only have four kilocalories per mole.  Even though lipids can hold much more energy, they are more difficult to metabolize than carbohydrates, so they are used as energy storage instead.

In order to test for the presence of a lipid, we can take advantage of the fact that they are non-polar.  Quite simply, if a substance does not dissolve in a non-polar solvent, it cannot be non-polar, ergo it is not a lipid.  We will test this property of lipids today using lighter fluid.  Another simple test for lipids it to rub the substance on a brown paper towel.  Lipids will cause the paper to become translucent.  This test, while not very complicated, can be used quickly at parties and other social functions to determine whether or not a substance is a liquid.  A third test is the sudan IV test.  Sudan IV is a biological stain that is non-polar.  As such, if a drop of sudan IV is added to a lipid, the red color should be observed to blend with the lipid.  If it does not blend, then the substance is not a lipid.
Purpose

The purpose of this investigation is to acquaint you with the various ways in which you might test for lipids.  You will see, yet again, that the way to put together large molecules is to use the process of dehydration synthesis.  Also keep in mind that in this lab you will only create one type of lipid.  In your body, there are various types of lipids with varying numbers and lengths of fatty acids.

Materials

PENCIL
Scissors


Paper models
Test tubes


Masking tape
Marker


Water
Lighter fluid


Droppers
Test tube rack


Unknown substances


Procedure
PART I – MODEL LIPIDS

1.  Cut out the glycerol molecule along the solid line, only.


2.  Cut out the three fatty acids along the solid line, only.


3.  In order to join these molecules together, you need to cut along the dotted lines.


4.  Keep the small bits that you have cut off, and join the fatty acids and the glycerol.

QUESTION 1:  What molecule was created each time a fatty acid was joined to the glycerol?
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QUESTION 2:  What is the name of the process used to join the fatty acids and the glycerol?

QUESTION 3:  What is the empirical formula of glycrol, shown in

figure 1? 
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QUESTION 4:  Is glycerol a carbohydrate?  How can you tell?
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QUESTION 5:  What is the molecular formula of lauric acid?
QUESTION 6:  Compare the number of hydrogen atoms to the number of carbon and oxygen atoms in lauric acid.  What do you find?

QUESTION 7:  How does one fatty acid differ from another?

QUESTION 8:  When fatty acids are not combined with a glycerol, a chemical group known as the carboxyl group is visible.  This is the same group that gives amino acids their acidic properties.  Draw the carboxyl group below, and circle it in the three fatty acids shown in figure 2.  
PART II – CHEMICAL TESTING FOR LIPIDS
A – SOLUBILITY TEST

1.  Obtain six test tubes, and label two X, two Y, and two Z.


2.  Fill each tube with 5 mL of the appropriate unknown solutions.


3.  In one X, one Y, and one Z tube, place 5 mL of distilled water.  Vortex gently.


4.  In the other X, Y, and Z tubes, place 5 mL of lighter fluid.  Vortex gently.


5.  Observe the tubes and record your results in table 1.


6.  Dump your tubes into the beaker marked “Solubility test waste.”
	Unknown Solutions
	Solubility Test Results
	Conclusion

	X
	
	

	Y
	
	

	Z
	
	


Table 1.  Solubility test results.

QUESTION 9:  Why do lipids dissolve in lighter fluid, yet will not dissolve in water?

QUESTION 10:  What could you do to make a lipid and water mix together?
B – BROWN PAPER TEST


1.  Obtain a clean paper towel, and label 1/3 of it X, 1/3 Y, and 1/3 Z.

2.  Place a drop of the appropriate unknown on each section of the towel.


3.  Wait a few minutes, then hold the towel up to the light.  If there is a transparent spot, then the substance is a lipid.  A spot that did not become transparent indicates that no lipid is present.


4.  Record your results in table 2, and throw your paper towel in the trash.

	Unknown Solutions
	Brown Paper Test Results
	Conclusion

	X
	
	

	Y
	
	

	Z
	
	


Table 2.  Brown paper test results.

C – SUDAN IV TEST

1.  Obtain three test tubes and label them X, Y, and Z.


2.  Add 5 mL of the appropriate solutions to the tubes.


3.  Add 5 drops of sudan IV to each tube.  Be careful – sudan IV will stain clothing, hair, and skin.  


4.  Vortex the tubes gently.


5.  If the sudan IV mixed with the sample, then it is a positive result.  If it did not combine, the test is negative.


6.  Record your results in table 3, dump your waste in the beaker labeled “Sudan IV Waste,” and wash your tubes with soap and water.


7.  Place your tubes back in the rack to dry.

	Unknown Solutions
	Sudan IV Test Results
	Conclusion

	X
	
	

	Y
	
	

	Z
	
	


Table 3.  Sudan IV test results.

Analysis
QUESTION 11:  Can any of these tests differentiate between saturated and unsaturated fats?
QUESTION 12:  The stain methylene blue dissolves in water, but it will not dissolve in oil.  Could this stain be used to test for the presence of lipids?  Explain your answer fully!
QUESTION 13:  Lipids and other non-polar substances are called hydrophobic.  Explain why this is a good name for lipids.
QUESTION 14.  Carbohydrates and other substances which dissolve in water are called hydrophilic.  Why is this a good name for them?  

QUESTION 15.  Name two things that you would change about this lab if you could.
Figure 1.  Glycerol


structural formula.





Figure 2.  a. Lauric acid; b. Caproic acid; c. Butyric acid.





a.





b.





c.
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