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College of the Canyons/Biotechnology Outreach Program

KOOL-AID SEPARATION:TEACHER'S GUIDE

I.
OBJECTIVES: 


A.
To introduce students to the field of chromatography with a rapid high-tech system which is used in laboratories all over the world.


B.
To enhance student understanding of the difference between polar and non-polar compounds and their solubilities in different solvents.


C.
To have students  understand why a particular solvent separates or does not separate the blue and red dyes in grape Kool-Aid. 


D.
To give students an understanding of High Performance Liquid Chromatography (HPLC).

II.
SUGGESTION FOR USE:  


A.
This lab serves as a good introductory lab for the chemistry unit in an AP biology course and for the biological molecules unit in a basic biology course.  Chemistry courses, too.

III.
TWO PROTOCOLS:  


A.
Version A.  Students in an honors or AP course will compare separations using dilutions of methanol and isopropyl alcohol.  It is assumed that they are familiar with the concepts of polar and non-polar organic compounds and will be able to explain why separation with methanol differs from the separation with isopropanol


B.
Version B.  
Students in a basic biology course will accomplish the dye separation using dilutions of  methanol only.    The basic biology lab protocol assumes that the student has no prior knowledge of the difference between polar and non-polar compounds.  A demonstration that the non-polar  dye Sudan red won't dissolve in water but will dissolve in oil may enhance the concept of "like dissolves like".

IV. TIME REQUIRED: One class or lab of 45 to 50 minutes.


The basic biology course version can be easily accomplished in a 45 to 50 minute period.  A pre-lab discussion for 15 minutes followed by 30 minutes for the separation is recommended.  The students could be assigned the questions for homework.  The worksheet on polar and non-polar compounds could be assigned as homework either before or after the lab. 


Suggestions:



a.
Have the students read the protocol as homework before the lab. The study guide 

(either version) and the worksheet for Version A could be assigned also. 



b. 
Hold a 10 minute or 15 minute pre-lab discussion.



c. 
Allow 30 or 40 minutes for the separation.



d. 
Have the questions done as homework. 



e. 
Have a 20 minute post lab discussion the next day. 
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V.
HINTS: 


A.
In demonstrating loading the cartridge onto the syringe, make certain that the students know to remove the plastic end cap on the syringe.   The Sep-Pak manufacturer suggests that the short end of the cartridge be fitted to the syringe.  You may also want to demonstrate steps 5a (smelling the sample) and 10 (layering the sample)(Version B).


B.
It works well to keep the alcohol solutions in small flasks or beakers so that the student may pour the solutions into the syringe with ease.  A set of methanol and isopropanol solutions will be shared by two lab stations in the honors or AP version.


C.  The cartridges are reusable if they are flushed with two 10 ml aliquots of  100% alcohol solutions  (either isopropanol or methanol) at the end of the experiment.

VI.
PRE-LAB DISCUSSION: 


A. Demonstrate loading the cartridge onto the syringe, and for the basic class  demonstrate pumping a solvent through.


B. Some of the following information may prove useful:

 
Separation with the C18 Sep-Pak cartridge:



As in any chromatographic process, the separation of the red and blue dyes in Kool-Aid is a physical extraction process involving a liquid and solid phase. The solid phase is the C18 Sep-Pak cartridge and the liquid phase consists of the alcohol solutions. 

 
The cartridge is made by reacting octadecylsilane with an activated silica substrate which creates silyl-ether linkages.
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C 18 SEP-PAK CARTRIDGE

Si


The resulting particles are irregular in shape with an average pore size of 60 Å.  This pore size can be penetrated by molecules with a molecular weight of up to 15,000 which are washed through in a solvent.  Larger molecules are excluded from the pores, passing between particles and readily exit the column.  The eighteen-long carbon chains are extremely non-polar which allows van der Waal's interactions to occur between the C-H bonds of the chains and the C-H bonds of most other organic compounds.  Kool-Aid is a mixture of sugar, acids, flavorings and dyes, all of which are molecules with varying degrees of polarity. The solid phase (C18 cartridge) has a greater attraction for the Kool-Aid components than the water in which they are dissolved. The non-polar components of the Kool-Aid are attracted to the long hydrocarbon chain, and the more polar components are attracted to the slightly polar silica matrix. Selective elution is brought about by introducing a solvent to which a compound is more strongly attracted than it is to the C18 cartridge. Before 
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the cartridge will retain isolates, it must first be wetted or solvated with a moderately polar solvent such as methanol.  Next appropriate solvents are selected to achieve separation.  Highly polar compounds such as the sugars, acids and flavorings will be eliminated by washing the cartridge with water.  The dyes are separated and eluted by using increasingly concentrated alcohol solutions.  The (more polar) red dye will be eluted by  a less concentrated alcohol solution than the (less polar) blue dye.   The  solution which separates the dyes depends not only on the concentration of the alcohol solution but also on the  type of alcohol used.  Since isopropanol is less polar than methanol, lower concentrations of isopropanol elute the dyes.   A still less polar alcohol such as butanol will elute both dyes at once with a relatively dilute solution.

EXAMPLES OF THE USES OF HIGH PERFORMANCE LIQUID CHROMATOGRAPHY WITH THE C18 CARTRIDGE


1.
ENVIRONMENTAL ASSAYS


a.
Checking the level of  PCBs in water samples:  Polychlorinated biphenyls are a class of carcinogenic EPA priority pollutants that are found in some ground water.  While PCB production was banned in 1979, an estimated 250 million pounds of PCBs are  still in service as insulating heat-dissipators in capacitors and transformers all over the country.


b.
Checking the level of PAHs in water samples:  Polyaromatic hydrocarbons are products in incomplete combustion and are found in water near petroleum distillation operations.  Some are carcinogenic, so even trace amounts are a concern.


c.
Checking the level of atrazine in plant and animal tissues: Atrazine is a carcinogenic insecticide widely applied to corn and soybean crops.  It  has a long half life and can become concentrated as it moves through a food chain.  In areas where it has been applied, the government uses HPLC to check the levels in the crops as well as in the tissues of grain fed animals such as chicken or beef cattle.


2.
MEDICINE


a.
Checking for levels of a drug and its metabolites:  One place where  HPLC is widely used it to check for levels of cyclosporine and its breakdown products.  Cyclosporine is a drug which suppresses the immune system.  It is routinely given after organ transplants to reduce the chance of rejection.  Physicians take blood samples periodically from transplant patients to follow the serum levels of cyclosporine and its metabolites.


b.
Lipid analysis:  Cholesterol, phospholipids, mono-, di-, and triglycerides can be easily and cheaply separated with HPLC.  Clinics use HPLC on blood samples from heart patients and others to determine cholesterol levels.


3.
WINEMAKING


Vintners are interested in testing the levels of sugars, organic acids and anthocyanin dyes as fermentation progresses.  These compounds can be efficiently separated using HPLC.
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ANSWERS TO QUESTIONS:  (possible discussion info in parentheses)

Version A

1.
a.  Comparison of the separation:






         Red Eluted
        Blue Eluted


methanol
     


20%
     

60%


isopropanol
      

5%
     

20%


b.
Separation depends upon the relative polarities of the solvent, the adsorbent and the dyes.  The dyes are more strongly attracted to the C18  molecule than to a  highly polar solvent such as water.  When a solvent comes through the system that is non-polar enough to attract the dye more strongly than the dye is attracted to the Cl8  molecule, the dye will move through. Since isopropyl alcohol is less polar than methanol, it will elute the dyes at a lower concentration.

2.
The red dye was more polar because it eluted with a more polar solvent.  (When there is less alcohol, there is more water.  Water is a polar substance so a solvent with less alcohol is more polar.)  

3.
Ethyl alcohol would have eluted at concentrations somewhere between those of methanol and isopropanol.  The results cannot be predicted exactly  with the concentrations used in this experiment.  Butyl alcohol would move the dyes through more quickly and it is likely that the two dyes would come through together, without separation.  (See formulas, p. 6.)

4.
Reverse order would not have separated the dyes.  Both dyes would elute with the more concentrated alcohol solution.  (Students often predict that blue will emerge first.  If time permits, students may be encouraged to test their prediction.)

5. 
The separation was a physical process.  Recombining the dyes restores purple color.

6.
Layering occurred because the more concentrated alcohol solution is less dense than the less concentrated solution.  (If density difference is overcome by stirring, the layers mix.)

7. 
Student answers will vary but should include a description of how separation could be demonstrated, e.g., by odor, by specific chemical tests (such as indicators) on the fractions, by using a machine like a pH meter to “taste” the samples,  by using specific radioactive isotopes  etc. 

8.
Salad oil will dissolve equally well in all the hydrocarbons and will be least soluble in methanol, antifreeze and glycol.  List from least soluble to least:  


benzene, methane, butane, Lysol, phenol, butanol, propanol, ethanol


methanol, antifreeze, glycerol
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ANSWERS TO QUESTIONS:  (possible discussion info in parentheses)

Version B

1.
Complete separation should be possible

2.
The red dye is more polar than the blue because it was eluted with the the lower alcohol concentration and therefore more polar alcohol solution.   (When there is less alcohol, there is more water.  Water is a polar substance so a solvent with less alcohol is more polar.)  

3.
Separation would not have worked if the solutions had been used in reverse order.  The red and blue dyes would have left the column together.  (Students usually predict that blue will emerge first.  If time permits, students may be encouraged to test their prediction.)

4.
The separation was a physical rather than a chemical process.  (Recombining the red and the blue dyes restores the purple color.  No chemical change altered the colors, they were simply pulled apart physically.)

5.
Layering occurred because the 60% alcohol containing the blue dye was less dense than the 20% alcohol containing the red dye fraction.  (If density difference is overcome by stirring, the layers mix.)

6.
Answers will vary, but the students should mention how the experimentor will verify that separation has occcurred e.g. by later tests on the fractions to demonstrate that they have different properties.  (Later tests could include smelling, using a machine to “taste” the solutions, using radioactive labels on the colorless substances, using indicators...)

Problems with dyes stuck in cartridge:

If the cartridge is prewetted with 100% methanol it needs to be flushed with the same solvent to fully remove the color.  The same for 100% isopropanol.  If color seems stuck in the cartridge, try one 100% alcohol and then the other.  Other colored foods, like orange soda, may not flush out completely with our two solvents.

BIBLIOGRAPHY
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