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  Experiment 7
Identification of Organic Unknowns using Polarimetry
Polarimetry is a common device for distinguishing between optically active stereoisomers (i.e., enantiomers). This makes it a very important instrument in organic chemistry because the optical rotation of a molecule can dictate what reactions it will undergo. This is true for most chiral molecules, including organic, inorganic, and biological compounds. An enantiomer will consistently have the same specific rotation under identical experimental conditions. To determine the specific rotation of the sample, use Biot’s law:
α = [α] ℓ c
where α is the observed optical rotation in units of degrees, [α] is the specific rotation in units of degrees (the formal unit for specific rotation is degrees dm–1 mL g–1, but scientific literature uses just degrees), ℓ is the length of the cell in units of dm, and c is the sample concentration in units of grams per milliliter. 
In the following procedure, you will investigate the differences between different optical isomers of sugars, amino acids, and natural products using polarimetry.
OBJECTIVES
· Calculate the specific rotation of sugars, amino acids, and natural products using a Polarimeter.
· Identify an unknown compound based on specific rotation.
MATERIALS
LabQuest or computer interface
LabQuest App or Logger Pro
Vernier Polarimeter
Polarimeter sample cell
volumetric flasks
sucrose
L-(+)-arabinose
D-(–)-fructose
L-arginine
L-proline
R-(–)-carvone
R-(+)-limonene
S-(+)-carvone
PROCEDURE
Part I Specific Rotation of Sugars 
1. Obtain and wear goggles. Protect your arms and hands by wearing a long-sleeve lab coat and gloves. Conduct this reaction in a fume hood.
2. Accurately prepare the following solutions: 100 mL of a 30% sucrose solution, 100 mL of a 15% l-(+)-arabinose solution, and 100 mL of a 30% d-(–)-fructose solution. Caution: Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed. 
3. Connect the two Vernier Polarimeter cables to their respective ports on your data-collection interface. Start the data-collection program and choose New from the File menu. Note: In Logger Pro, wait until a graph of Illumination (rel) on the y-axis and Angle (°) on the x-axis appears before continuing.
4. Calibrate the Polarimeter. 
a. Pour distilled water in the Polarimeter cell to a height of 10 cm. It is important to read the height to the nearest 0.1 cm. 
b. Place the cell in the Polarimeter. 
c. Start data collection and slowly rotate the analyzer clockwise or counterclockwise, as shown in Figure 1, until data collection stops (15 s). 

Figure 1  Rotation of the analyzer
5. Record the first angle above 0° where the illumination is at a maximum for the blank. There are several ways to locate this angle using analysis features in Logger Pro or LabQuest App. One way to locate this angle is to use a Gaussian fit.
6. Store the run. In Logger Pro, do this by selecting Store Latest Run from the Experiment menu. In LabQuest App, you can store a run by tapping the File Cabinet icon.
7. You are now ready to add the optically active sample into the Polarimeter cell. 
a. Rinse the Polarimeter cell with a few milliliters of sucrose solution. Pour the sample in the Polarimeter cell to a height of 10 cm. Record this value to the nearest 0.1 cm in the Data Table.
b. Place the sample cell in the Polarimeter. 
c. Start data collection and slowly rotate the analyzer clockwise or counterclockwise until data collection stops. 
8. Record the first angle above 0° where the illumination is at a maximum. 
9. Repeat Steps 6–8 for 15% l-(+)-arabinose and 30% d-(–)-fructose. Make sure to rinse the sample cell with each solution before use.
10. Obtain your unknown compound and repeat Steps 6–8.
Part II Specific Rotation of Amino Acids 
11. Accurately prepare the following solutions: 100 mL of a 30% l-arginine solution and 100 mL of a 30% l-proline. Caution: Treat all laboratory chemicals with caution. Prudent laboratory practices should be observed.
12. Calibrate the Polarimeter following the Step 4 procedure.
13. Record the first angle above 0° where the illumination is at a maximum. 
14. Store the run.
15. You are now ready to add the optically active sample into the Polarimeter cell.
a. Rinse the Polarimeter cell with a few milliliters of 30% l-arginine solution. Pour the sample in the Polarimeter cell to a height of 10 cm. Record this value to the nearest 0.1 cm in the table below.
b. Place the sample cell in the Polarimeter. 
c. Start data collection and slowly rotate the analyzer clockwise or counterclockwise until data collection stops. 
16. Record the first angle after 0° where the illumination is at a maximum.
17. Repeat Steps 14–16 for 30% l-proline. Make sure to rinse the sample cell with the proline solution before use.
18. Obtain an unknown compound and repeat Steps 14–16.
Part III Specific Rotation of Natural Products
19. Obtain neat samples of the following solutions: S-(+)-carvone, R-(–)-carvone, and R-(+)-limonene. Record their density in the table below. WARNING: (S)-(+)-Carvone, C10H14O: Acute toxicity, oral. Harmful if swallowed. Do not eat, drink or smoke when using this product. WARNING: (R)-(+)-Carvone, C10H14O: Acute toxicity, oral. Harmful if swallowed. Do not eat, drink or smoke when using this product. DANGER: R-(+)-Limonene, C10H16: Flammable liquid and vapour. May be fatal if swallowed and enters airways. Causes skin irritation. May cause an allergic skin reaction. Very toxic to aquatic life with long lasting effects. Keep away from heat, sparks, open flames, and hot surfaces.
20. Calibrate the Polarimeter as in Step 4 using methanol as your blank solvent.
21. Record the first angle above 0° where the illumination is at a maximum. 
22. Store the run.
23. You are now ready to add the optically active sample into the Polarimeter cell. 
a. Rinse the Polarimeter cell with a few milliliters of S-(+)-carvone. Pour the sample in the Polarimeter cell to a height of 10 cm. Record this value to the nearest 0.1 cm in the Data Table.
b. Place the sample cell in the Polarimeter. 
c. Start data collection and slowly rotate the analyzer clockwise or counterclockwise until data collection stops. 
24. Record the first angle after 0° where the illumination is at a maximum.
25. Repeat Steps 22–24 for R-(–)-carvone and R-(+)-limonene. Make sure to rinse the sample cell with each solution before use.
26. Obtain your unknown compound and repeat Steps 22–24.
DATA Table
Part I Specific Rotation of Sugars
Angle blank (°): __________
	 
	Concentration
(g/mL)
	Height 
(cm)
	Angle1
(°)
	α1
(°)
	Angle2
(°)
	α3
(°)
	Angle3
(°)
	α3
(°)
	Specific rotation
(°)

	Sucrose
	 
	 
	 
	 
	 
	 
	 
	 
	 

	L-(+)-arabinose
	 
	 
	 
	 
	 
	 
	 
	 
	 

	D-(–)-fructose
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Unknown
	 
	 
	 
	 
	 
	 
	 
	 
	 


 
Part II Specific Rotation of Amino Acids
Angle blank (°): __________
	 
	Concentration
(g/mL)
	Height 
(cm)
	Angle1
(°)
	α1
(°)
	Angle2
(°)
	α2
(°)
	Angle3
(°)
	α3
(°)
	Specific rotation
(°)

	L-arginine
	 
	 
	 
	 
	 
	 
	 
	 
	 

	L-proline
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Unknown
	 
	 
	 
	 
	 
	 
	 
	 
	 


 
Part III Specific Rotation of Natural Products
Angle blank (°): __________
	 
	Concentration
(g/mL)
	Height 
(cm)
	Angle1
(°)
	α1
(°)
	Angle2
(°)
	α3
(°)
	Angle3
(°)
	α3
(°)
	Specific rotation
(°)

	R-(+)-limonene
	 
	 
	 
	 
	 
	 
	 
	 
	 

	S-(+)-carvone
	 
	 
	 
	 
	 
	 
	 
	 
	 

	R-(–)-carvone
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Unknown
	 
	 
	 
	 
	 
	 
	 
	 
	 


DATA Analysis
1. Using the information gathered during data collection, calculate the average specific rotation for each sample and write it in the tables above. Pay attention to your units. 
2. Identify the unknown for each Part of the experiment.
Part I:
Part II:
Part III:
3. Explain why the experimentally determined values for the specific rotation vary from literature values, if necessary.
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