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Indirect Measurement:  Fractionize Fatty Acids

Pennsylvania Science Standards:  

3.1.10D:  Apply scale as a way of relating concepts and ideas to one another

3.2.10B:  Apply process knowledge to make and interpret observations

3.2.10C:  Apply elements of scientific inquiry to solve problems

3.4.10A:  Explain concepts about the structure and properties of matter

3.7.10B:  Apply appropriate instruments and apparatus

Pennsylvania Math Standards:

2.2.11C:  Construct and apply mathematical models

2.3.11A:  Select and use appropriate units and tools with a degree of accuracy

2.2.11E:  Recognize that precision depends on the instruments used to generate measurements.

Introduction:

Melting point is defined as the point at which the solid and liquid phases are at equilibrium.  The melting point of a material can be used to assess the purity of a substance and can also help to identify the substance.  A pure substance has a characteristic melting point, but this melting point is over a narrow range (usually over a couple of degrees).  Introducing an impurity lengthens melting point temperature  range.  The lowest temperature achieved by a mixture of two substances is called the eutectic temperature and the composition of the two substances here is called the eutectic composition.  The unknown composition of a mixture can be determined against a plot of known values of temperature and composition.

Guiding Questions:

· How is melting point a reflection of bonding type?

· What is an example of a pure substance?  What makes it pure?

· How is a mixture different from a compound?

Safety:

Use caution and follow directions when handling the Mel-Temp®.    Do not use chipped capillary tubes.  Wear your goggles.  Do not ingest or inhale chemicals.  Wash hands after the lab.

Materials:

7 Melt-Temps®, 7-dropping tubes, capillary tubes, 6 vials each of the following chemicals:100% palmitic acid, 100% stearic acid, 80% palmitic-20%stearic acid mix, 60% palmitic-40% stearic acid mix, 50% palmitic-50% stearic acid mix, 40% palmitic-60% stearic acid mix, 20%  palmitic acid-80% stearic acid mix, Unknown mix of palmitic acid and stearic acid.

Procedure:

· Place a small sample of an organic compound in the capillary tube by gently inserting the open end of capillary tube into the sample of 100% of Palmitic acid.

· Invert the tube and gently tap the tube until some solid is in the tube (1-2 mm).  Use a dropping tube to firmly pack the capillary tube (drop the capillary tube with the sample side down into the dropping tube).

· Insert the capillary tube with the 100% palmitic acid into the sample slot behind the eye piece on the Mel-Temp®.  Plug the Mel-Temp® apparatus, set it to zero, and then turn it on.  Turn the dial up to medium and allow the temperature to increase slowly.

· When the first sign of melting occurs, write down the temperature.  Watch the solid until the last crystal melts.  Write down the temperature again.  These two temperatures are the melting point range of the sample. 

· Repeat the procedure until all the samples are analyzed for melting point range.

· Average the melting point ranges.

· Graph your results of % of each sample on x -axis and temperature on y -axis.

Data Table:

	Sample 
	Melting Point Range
	Average Melting Point

	100% palmitic acid
	
	

	80% palmitic - 20% stearic acid 
	
	

	60% palmitic - 40% stearic acid
	
	

	50% palmitic - 50% stearic acid
	
	

	40% palmitic - 60% stearic acid
	
	

	20% palmitic - 80% stearic acid
	
	

	100% stearic acid
	
	

	Unknown Mixture
	
	


Analysis and Conclusion:

1. Describe the graph.   Is the percentage of components in the mixture definitive from the graph?  What possible procedure can be used to confirm the percent composition of the mixture?

2. Are the compounds you used ionic or molecular in character?  How do you know?

3. Why is it not wise to fill the capillary tube more than 1 mm with the compound?

4. Can compounds with very high melting points be discovered using a water bath?  Why or Why not?

5. In general, can you describe the rule of thumb used when a pure substance is mixed with an impurity?

6. What is the eutectic composition for the mixture of palmitic and stearic acids?  

7. Why can the graph be called a phase diagram?  What phases are displayed on it?

Reference:

· Measuring the Melting Points of Compounds and Mixtures. Chemical Education Resources. 1997. <http://www.cerlabs.com/experiments/10875407013.pdf>

· Procedure for Determining Melting Point Range. <http://www.xula.edu/chemistry/department/organic/Labbook/06MP.pdf>

Indirect Measurement :  Fractionize Fatty Acids
Teacher’s Notes

Time Needed to Complete Lab:  Approximately 1 hr

Target Grade Level:  7th - 11th grades.

Objectives:  

· Explain the significance of determining melting point ranges.

· Identify unknown composition of mixtures using a calibration graph.

· Use a Mel-Temp® apparatus to determine melting point.

· Differentiating between mixtures and compounds using melting point.

Major Concepts:

Melting point, melting point range, mixtures and compounds, eut[image: image1.png]ectic mixtures.

Preparation:

To make a 80% palmitic-20% stearic acid mixture:  Use a mortar and pestle to grind 80 g or palmitic acid and 20 g of stearic acid.

Use the above technique to prepare all the mixtures and divide each sample into vials for each group.

Typical Results:

The graph should resemble the figure below which was taken from the following site: http://www.cerlabs.com/experiments/10875407013.pdf.

Answers to Questions:

1. Describe the graph.  Look at the figure above.  Two points on the graph could possibly have the same temperature.  The two points can be distinguished by discovering the density of the two mixtures and the unknown mixture.

2. Are the compounds you used ionic or molecular in character?  How do you know?  The two compounds are molecular compounds because they are both organic compounds which have mostly covalent bonds and therefore have low melting points when compared with the high melting points of ionic compounds.

3. Why is it not wise to fill the capillary tube more than 1-2 mm with the compound?  Overfilling the capillary tube can increase the melting point range.

4. Can compounds with very high melting points be discovered using a water bath?  Why or Why not?  No, a water bath will help melt substances lower than a 100 ºC easily.

5. In general, can you describe the rule of thumb used when a pure substance is mixed with an impurity?  The impurity will reduce the melting point of the formerly pure substance.

6. What is the eutectic composition for the mixture of palmitic and stearic acids?  How do you know?  Look at the lowest point on the graph and note the composition.

7. Why can the graph be called a phase diagram?  What phases are displayed on it?  The graph can be referred to as a phase diagram because the graph line shows a separation between the solid and liquid phases at equilibrium and at the eutectic point.

8. What is the composition of the unknown mixture?  Which substance is present in a higher percentage by mass?  The response depends on the composition of the unknown given to the student.
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