Synthesis of Aspirin (Acetylsalicylic Acid)

Lab Overview

This investigation explores the synthesis of aspirin (acetylsalicylic acid) from salicylic acid and acetic anhydride. Students will work in groups to test different values of an independent variable and combine data to analyze its effect on aspirin yield. The experiment will be completed over two class periods.

The synthesis of aspirin is an esterification reaction. Salicylic acid contains both a phenol (-OH) and a carboxylic acid (-COOH) group. The acetic anhydride reacts with the phenolic -OH group to form the ester linkage, creating acetylsalicylic acid (aspirin). The phosphoric acid catalyst protonates the carbonyl oxygen of acetic anhydride, making it more electrophilic and accelerating the reaction.

The recrystallization process exploits differences in solubility. Aspirin is more soluble in hot ethanol than in the ethanol-water mixture at low temperatures. Salicylic acid (the main impurity) remains dissolved in the cold solution, while pure aspirin precipitates as crystals.

The iron(III) test is specific for phenolic compounds. Fe3+ ions form colored coordination complexes with phenols through the phenolic oxygen. Since aspirin has acetylated its phenolic group, it cannot form this complex. However, any unreacted salicylic acid retains its free phenol and will produce the characteristic purple color with Fe3+ ions.


Research Question

How does reaction time at an elevated temperature affect the mass of aspirin synthesized?

Independent Variable

Reaction Time at Elevated Temperature

Different groups will heat their reaction mixtures for different time periods (e.g., 5, 10, 15, 20, and 25 minutes) while maintaining constant temperature (100°C water bath). 


Chemical Reaction

Salicylic acid + Acetic anhydride → Acetylsalicylic acid (aspirin) + Acetic acid
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The reaction is catalyzed sulfuric acid (H2SO4).

Safety Information and Precautions

General Safety Requirements

- Safety goggles must be worn at all times
- Lab coats and gloves are required throughout the experiment
- Long hair must be tied back
- Do not ingest any synthesized product - it is NOT pure enough for human consumption

Chemical Hazards

Acetic Anhydride
CORROSIVE and IRRITANT
- Causes severe skin burns and eye damage
- Highly irritating to nose, throat, and respiratory system
- MUST be handled only in the fume hood
- Keep bottle capped when not in use
- Avoid breathing vapors

Concentrated Sulfuric Acid 
CORROSIVE
- Causes severe burns to skin and eyes
- Handle with extreme care in fume hood
- Use provided dropper only
- If contact occurs, rinse immediately with copious water

Salicylic Acid
IRRITANT
- Harmful if swallowed
- Can cause skin and eye irritation
- Avoid creating dust

Ethanol
FLAMMABLE
- Keep away from open flames and hot plates
- Use in well-ventilated area
- No naked flames in the laboratory during recrystallization

Fume Hood Requirements

The following steps MUST be performed in a fume hood:
- Measuring and adding acetic anhydride (Part C)
- Adding sulfuric acid catalyst (Part C)
- Initial mixing of reactants (Part C)
- Disposal of all chemical waste

The following steps can be performed at the bench (NOT in fume hood):
- Heating the reaction mixture in the water bath (Part D) - once acetic anhydride and catalyst are mixed in, vapors are much less hazardous
- All subsequent steps (crystallization, filtration, recrystallization, purity testing)

Note: After the acetic anhydride and sulfuric acid are added and mixed in Part C, the flask can be safely moved from the fume hood to the water bath at your bench for heating in Part D.

Emergency Procedures

- Skin contact with acids: Rinse immediately with copious water for at least 15 minutes. Notify instructor immediately.
- Eye contact: Use eyewash station immediately for 15 minutes. Seek medical attention.
- Spills: Alert instructor immediately. Do not attempt to clean up acid spills yourself.
- Inhalation of vapors: Move to fresh air immediately. If breathing difficulties persist, seek medical attention.

Waste Disposal

- All organic waste (filtrate, rinse solutions) must be placed in designated organic waste containers in the fume hood
- Filter paper with solid waste can be disposed of in regular trash once dry
- Rinse all glassware with acetone before washing with soap and water


Materials and Equipment

Chemicals

- Salicylic acid (2.0 g per group)
- Acetic anhydride (5.0 mL per group)
- Concentrated sulfuric acid (H2SO4) - 5 drops
- Ethanol (4 mL for recrystallization)
- Iron(III) chloride (FeCl3) solution OR Iron(III) sulfate [Fe2(SO4)3] solution for purity testing
- Deionized water

Glassware and Equipment

- 125-mL Erlenmeyer flask
- 50-mL Erlenmeyer flask
- 400-mL beaker (for water bath)
- Ringstand
- Clamp
- 600-mL beaker (for ice bath)
- 10-mL graduated cylinder
- Glass stirring rod
- Buchner funnel and vacuum filtration apparatus
- Filter paper
- Spatula
- Watch glass
- Thermometer
- Hot plate
- Ring stand and clamp
- Analytical balance (±0.001 g)
- Weighing paper or boat
- Test tubes (4)
- Capillary tubes (for melting point)
- Ice
- Corn oil

Experimental Procedure

Time allocation: Day 1 (synthesis and crude product collection, ~60 minutes); Day 2 (recrystallization, purity testing, and analysis, ~60 minutes)

Day 1: Synthesis and Crude Product Collection

Part A: Preparation

1. Set up a hot water bath using a 400-mL beaker filled with approximately 200 mL of water on a hot plate. Begin heating to achieve a temperature of approximately 100°C (boiling).

2. Prepare an ice bath using the 600-mL beaker with ice and water. Place two test tubes containing 3 mL of deionized water each in the ice bath for later use.

Part B: Weighing Reactants 

3. Add 2.00 g salicylic acid to 125-mL Erlenmeyer flask.

Part C: Reaction Setup (IN FUME HOOD) (5 minutes)

IMPORTANT: Steps 7-10 must be performed in the fume hood

4. Move to the fume hood with your Erlenmeyer flask containing salicylic acid.

5. Using a 10-mL graduated cylinder, carefully measure 5.0 mL of acetic anhydride in the fume hood.

6. Add the acetic anhydride to the flask. Keep the flask in the fume hood.

7. Using the provided dropper, carefully add 5 drops of concentrated sulfuric acid to the flask. Gently swirl to mix. Most of the salicylic acid should dissolve (remainder will dissolve during heating). You may now move your flask to the bench for heating.

Part D: Reaction and Heating (Variable Time: 5-25 minutes)

This step can be performed at the bench (not in fume hood)

8. Carefully transfer your flask to the hot water bath using a ringstand and clamp(check that water is boiling, approximately 100°C).

9. Start timing immediately and heat for your assigned time period: Group 1: 5 minutes, Group 2: 10 minutes, Group 3: 15 minutes, Group 4: 20 minutes, Group 5: 25 minutes

10. Gently stir the mixture with a glass stirring rod every 2-3 minutes during heating. Monitor the temperature of the water bath to ensure it remains at approximately 100°C.

Part E: Quenching and Crystallization (15 minutes)

11. After your designated heating time, carefully remove the flask from the water bath.

12. Carefully add 1 mL of deionized water to the flask while stirring. This hydrolyzes excess acetic anhydride.

13. Add 20 mL of deionized water and swirl to mix thoroughly.

14. As the solution cools, white crystals of aspirin should begin to form. If crystallization does not occur, scratch the inside walls of the flask with a glass rod.

15. Once crystals begin to form, place the flask in the ice bath for 10 minutes to maximize crystal formation.

Part F: Vacuum Filtration 

16. Set up the Buchner funnel with filter paper (record the mass of the filter paper PRIOR to filtration) and connect to vacuum source.

17. Turn on the vacuum and carefully pour the crystal suspension into the funnel. Use a spatula to transfer all crystals.

18. Once the liquid has passed through, rinse the crystals with one portion (3 mL) of ice-cold distilled water.

19. After this water has filtered through, rinse with the second portion of ice-cold water.

20. Continue vacuum for 5 minutes to draw air through the sample and partially dry it.

21. Transfer the crude aspirin and filter paper to a watch glass. Label with your group number and leave in your designated area to dry until Day 2.

End of Day 1. Clean all glassware and workstation.


Day 2: Recrystallization and Analysis

Part G: Weighing Crude Product

22. Weigh the remaining crude aspirin with new weighing paper and record the mass. This represents your crude product yield.

23. Carefully scrape approximately 0.1 g of your crude aspirin onto weighing paper and set aside for purity testing.

Part H: Recrystallization 

24. Transfer the bulk of your crude aspirin to a clean 50-mL Erlenmeyer flask.

25. Add 4 mL of ethanol to the flask. IMPORTANT: Ensure no open flames are present in the laboratory (ethanol is flammable).

26. Gently warm the flask on a hot plate while stirring until all solid dissolves. Do not overheat or boil the solution.

27. Remove from heat immediately once dissolved and slowly add 13 mL of cold deionized water while stirring.

28. White crystals should begin to form as the solution cools. If not, scratch the walls with a glass rod or cool in an ice bath.

29. Place the flask in an ice bath for 10 minutes to maximize crystal formation.

30. Filter the recrystallized aspirin using vacuum filtration as in Part F. Allow the crystals to dry on the filter paper.

Part I: Ferric Ion Purity Test 

This test detects the presence of salicylic acid (impurity) using iron(III) ions. Pure aspirin will show little to no color change, while impure samples containing salicylic acid will turn purple.

Note: Either iron(III) chloride (FeCl3) or iron(III) sulfate [Fe2(SO4)3] solution can be used for this test, as both contain the necessary Fe3+ ions.

31. Label 4 clean test tubes: Blank, Salicylic Acid, Crude Aspirin, Purified Aspirin.

32. Add 1 mL of ethanol and 2 drops of iron(III) solution (FeCl3 or Fe2(SO4)3) to each tube.

33. Add a few crystals of salicylic acid to the second tube. Add a few crystals of your crude aspirin to the third tube. Add a few crystals of your recrystallized aspirin to the fourth tube.

34. Shake each tube and observe the color. Record your observations immediately.

35. Expected results: Blank (yellowish, no color change), Salicylic Acid (deep purple), Crude Aspirin (light purple), Purified Aspirin (minimal or no purple color)

Part J: Melting Point Determination 

36. Finely grind a small amount of your dried, purified aspirin using a mortar and pestle.

37. Fill a capillary tube with the powder by gently tapping the open end into the sample, then tapping the tube on the bench to move powder to the sealed end. Fill to a depth of 2-3 mm.

38. Attach the capillary tube to a 200°C thermometer using a rubber band, with the sealed end near the thermometer bulb.

39. Suspend the thermometer in a 400-mL beaker half-filled with oil using a clamp and ring stand.

40. Heat the oil bath slowly (approximately 3°C per minute) while continuously stirring.

41. Carefully watch the sample in the capillary tube. Record the temperature when liquid first appears (melting begins). Literature value for pure aspirin: 138-140°C. A melting point range greater than 3°C indicates impurities or moisture.

Part K: Final Mass Determination 

42. Once the recrystallized aspirin is completely dry, weigh the paper and aspirin together. Record the mass of purified aspirin by subtracting the paper mass.

End of Day 2. Clean all glassware, dispose of waste properly, and complete calculations.

Data Collection and Calculations

Quantitative Data to Record

- Independent variable: Reaction time (minutes)
- Mass of salicylic acid used (g) ± 0.001 g
- Mass of crude aspirin product (g) ± 0.001 g
- Mass of purified aspirin product (g) ± 0.001 g
- Melting point of purified aspirin (°C) ± 0.5°C

Qualitative Observations

- Appearance of crude aspirin crystals
- Appearance of purified aspirin crystals
- Color results from iron(III) test (all four tubes)

Calculations

1. Theoretical Yield of Aspirin

Molar mass of salicylic acid (C7H6O3) = 138.12 g/mol

Molar mass of aspirin (C9H8O4) = 180.16 g/mol

Theoretical yield (g) = (mass of salicylic acid / 138.12) × 180.16

2. Percent Yield

% Yield = (actual mass of purified aspirin / theoretical yield) × 100%

3. Percent Recovery from Recrystallization

% Recovery = (mass of purified aspirin / mass of crude aspirin) × 100%

Data Analysis

Class Data Pooling

After all groups complete their experiments, compile data from all groups into a table with columns for: Group, Reaction Time (min), Mass Salicylic Acid (g), Mass Purified Aspirin (g), and % Yield.

Graphical Analysis

Create a graph with:
- X-axis: Reaction time (minutes)
- Y-axis: Percent yield of aspirin (%)
- Plot all data points from all groups and draw a best-fit curve or line


Additional Information

Expected Results

- Typical crude yield: 1.5-1.8 g from 2.0 g salicylic acid
- Typical purified yield after recrystallization: 1.2-1.6 g
- Expected percent yield: 50-70% (theoretical maximum is 130% based on salicylic acid)
- Melting point of pure aspirin: 138-140°C

Troubleshooting

Crystals do not form after cooling
Scratch inside of flask with glass rod and place in ice bath for longer. If still no crystals, add a seed crystal of aspirin.

Iron(III) test shows purple color in purified aspirin
Indicates remaining salicylic acid impurity. Recrystallization may need to be repeated with fresh ethanol/water mixture.

Low melting point or wide melting range
Product contains impurities or moisture. Ensure product is completely dry before determining melting point.

Very low yield
May indicate incomplete reaction (insufficient heating time), loss during transfers, or product remaining dissolved in filtrate. Ensure proper cooling in ice bath before filtration.
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beaker, dropper, 85% phosphoric acid (H3PO4), iron (III) chloride solution, ethanol, Buchner filtration apparatus, filter paper, spatula, watch glass, thermometer,
ring stand and ring clamp, capillary tube, latex tubing/rubber band.

Safety
« Acetic anhydride is irritating to the nose and sinuses. Keep this compound under the hood at all times, and avoid breathing the vapors. Keep the acetic anhydride

bottle capped after taking out the reagent.
« The aspirin that you make in this lab is NOT pure enough to be taken internally! Do not ingest the aspirin! Wear your safety goggles and gloves, especially when

handling concentrated phosphoric acid.

Contents

« Waste Disposal:
o All waste must be placed in the organic waste containers in the fume hood.
o Be especially careful when handling the phosphoric acid and acetic anhydride.
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1. Weigh out about 1 gram of salicylic acid on a piece of weighing paper. To do this, first weigh a piece of weighing paper. Place some salicylic acid on the weighing
paper and weigh again. Add or remove solid until you have about 1 gram of it on the paper. Record the mass of the weighing paper plus the solid. Subtract to
determine the mass of the salicylic acid. Place this solid into a 125-mL Erlenmeyer flask.

2. In the hood, measure out 3.0 mL of acetic anhydride in a small graduated cylinder and add it to the flask.

3. Add 3 drops of concentrated (85%) phosphoric acid. This will be the catalyst for the reaction.

4. Start heating the reaction, and stir gently with a stirring rod. Once the water bath starts boiling, start timing the
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