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Experiment 16
The Synthesis and Analysis of Aspirin


The Synthesis and
Analysis of Aspirin

Acetylsalicylic acid is the chemical name for aspirin, the ubiquitous pain reliever. One of the compounds used in the synthesis of aspirin is salicylic acid, which is itself a pain reliever that was known to many ancient cultures, including the Native Americans who extracted it from willow tree bark. Salicylic acid is extremely bitter tasting, and frequent use can cause severe stomach irritation. The search for a milder form of this pain reliever led to the successful synthesis of acetylsalicylic acid by the German chemist Felix Hoffmann in 1893.

Your two primary objectives in this experiment will be to synthesize and analyze aspirin. There is more than one way to synthesize aspirin; in this experiment, you will react acetic anhydride with salicylic acid in the presence of phosphoric acid (which acts as a catalyst). The reaction equation is shown below.

[image: image1.png]Oy OH Oy OH

o O [}
OH + —_— (0] +
A = v Dolleret
(0]
Salicylic acid Acetic anhydride Acetyl salicylic acid Acetic acid
C.H:0, C.H,0, C;H,0, CH.0,

MW = 138.12 MW = 102.09 MW = 180.16 MW = 60.05




	 Salicylic acid
	Acetic anhydride
	Acetylsalicylic acid
	Acetic acid


OBJECTIVES

In this experiment, you will

· Synthesize a sample of acetylsalicylic acid (aspirin).

· Purify aspirin by re-crystallization

· Check purity by TLC analysis

PROCEDURE

Part I  Synthesize Aspirin

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.
Measure out 2.0 g of salicylic acid into a 50 mL Erlenmeyer flask.

3.
Add 5.0 mL of acetic anhydride and 5 drops of 85% phosphoric acid solution. Swirl the mixture to rinse down any bits of solid that may be on the inner walls of the flask. CAUTION: Handle the phosphoric acid and acetic anhydride with care. Both substances can cause painful burns if they come in contact with the skin.
4.
You are now ready to begin the synthesis of aspirin.

a. Prepare a 70–80°C hot-water bath using a 250 mL beaker on a hot plate. Monitor the water temperature using a thermometer.

b. Hold and partially submerge the 50 mL flask and contents in the water bath.

c. Heat the mixture in the hot-water bath for 15 minutes, or until the mixture ceases releasing vapors. Stir the mixture occasionally during heating. Add 2 mL of distilled water about 10 minutes into the heating.

5.
Crystallize the aspirin.

a. When you are confident that the reaction has reached completion (no vapors appearing), carefully remove the flask from the hot plate and add 20 mL of distilled water.

b. Allow the mixture to cool to near room temperature. Transfer the flask to an ice bath for about five minutes. As the mixture cools, crystals of aspirin should form in the flask.

6.
Wash the synthesized aspirin.

a. Set up a vacuum filtration. Be sure to weigh and record the mass of the filter paper to the nearest 0.001 g before filtering the solid. 

b. Filter the mixture with vacuum suction. 

c. When most of the liquid has been drawn through the funnel, turn off the suction and wash the crystals with 5 mL of cold, distilled water. 

d. After about 15 seconds, turn the suction back on. Wash the crystals with cold, distilled water twice more in this manner.

e. Gently transfer the filter paper with your product onto the watch glass to air dry. As directed by your instructor, either direct a gentle stream of air (low flow) to help dry the solid, or let them air dry until the next lab period.

f. Weigh the dried recrystallized product on the filter paper and record the mass to 0.001 g.
7.
Determine the mass of your dry aspirin sample and record in the data table.

Part II: Purification of Aspirin 
1. Set aside about 3 mg of your crude crystals for the TLC analysis. Measure mass of remaining.

2. Add the remaining crude aspirin to a 125 mL Erlenmeyer flask. 

3. In this re-crystallization, approximately 10 mL of  hot solvent (ethanol/water) aspirin will be needed. Estimate the volume of solvent that you need based on mass of your crude product. Caution: Ethanol is highly flammable. Don’t heat it directly on hot plate. Heat solvent (ethanol/water mixture) in hot water bath. 10ml(5enthnol and 5ml water)
      Caution: Ethanol is highly flammable. Don’t heat it directly on hot plate. Heat solvent (ethanol/water mixture) in hot water bath. 
Add hot solvent to crude aspirin in a warm water bath until all the crystals are dissolved. Don’t boil it.

4. Cover the flask with a watch glass and cool the solution slowly. Once the solution has reached about room temperature, place in an ice bath to complete crystallization. If no crystals form, scratch the inside of the flask with a glass stir rod. If still no crystals form see your instructor (
5. Vacuum filter the crystals after about 10 minutes in the ice bath. 

6. Rinse the crystals with two 3mL portions of ice cold deionized water and then one 2 mL portion of ice cold ethanol. 

7. Place the crystals on a tared watch glass. 

Part III  TLC Analysis 
1. Obtain a 400-mL beaker and a watch glass. This will be your developing chamber. The instructor 

will provide the silica gel coated TLC plate and spotting pipettes. Care should be taken to avoid touching the face of the plate, as this will alter the results. 

2. To saturate the chamber with solvent vapors, place a piece of 110-mm filter   

     paper with the bottom trimmed straight across into the chamber. 

3. Measure out 9 mL of ethyl acetate and 1 mL of methylene chloride. (Or 10 mL of 9:1 mixture if 

    it’s already prepared by your instructor.)

Place both in your 400-mL beaker and cover with the watch glass. The solvent should be allowed to travel all the way to the top of the filter paper before introducing the TLC plate into the chamber. You should slide the watch glass on and off instead of lifting it, in order to minimize solvent vapor loss. 

4. In three separate small beakers, dissolve ~3 mg each of salicylic acid, the crude product, and the   

    recrystallized product in 5-6 drops of the TLC solvent. 

5. Using a pencil, lightly mark the plate with a horizontal line approximately ½ inch from the bottom. 

   (Ink contains organic dyes that will alter the results) On this line lightly mark 3 hashes, evenly 

    spaced. These will be the origin points for the spotted compounds. 

6. Using a different spotting pipette for each compound, spot the TLC plate with the salicylic acid, the crude product, and the recrystallized product, in that order. Touch the pipette lightly to the TLC plate at the hash mark to transfer some of the liquid to the plate. The spots should be no larger than about 1/8‖. You should touch the pipette to the plate several times, pausing for the solvent to evaporate between each, to transfer enough compound to be able to see it once the plate is developed. Place the plate in the developing chamber. Replace the watch glass on top. 

7. Allow the plate to develop until the solvent front is approximately ½ inch from the top (or until it stops moving). Remove the plate and immediately mark the solvent front. 

8. Allow the plate to dry and then examine it under UV light. Circle the spots as they are seen and be sure to mark the center. This should also be done lightly with a pencil only. 

9. Discard the TLC solvent in the appropriate container as per your instructor. 

10. Rinse all the glassware with acetone in waste bottle and then with water in sink. 

DATA TABLE

Part I  Synthesis of Aspirin

	Mass of salicylic acid used (g)
	2.001

	Volume of acetic anhydride used (mL)
	5

	Mass of acetic anhydride (1.08 g/mL) used (g)
	

	Mass of aspirin and filter paper (g)
	52.757

	Mass of filter paper (g)
	0.120

	Mass of aspirin synthesized (g)
	0.529

	Watch glass
	52.655
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