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CHEMISTRY EXPERIMENT NO. 9PRIVATE 

SPOKANE FALLS COMMUNITY COLLEGE

SYNTHESIS OF ASPIRIN
OBJECTIVE

To carry out an organic synthesis. To become familiar with four organic functional groups.   To test the purity of a product. 

DISCUSSION
Aspirin, acetylsalicylic acid, has been used as an antipyretic (fever reducer), an analgesic (pain reliever), an antirheumatic, and recently as an anticoagulant and anti-inflammatory drug.  Aspirin is truly a wonder drug, an achievement to modern medicine.  

In this experiment, you will synthesize acetylsalicylic acid from salicylic acid and acetic anhydride.  In order to understand this synthesis, you should become familiar with the four functional groups involved. Functional groups are used as a means of classifying the vast number organic compounds.   Keep in mind that the functional group of an organic molecule determines the location and type of chemical reaction.   

The functional groups you will study in this experiment are:  (1) alcohols and phenols, (2) carboxylic acids, (3) esters, and (4) anhydrides.  Alcohols are compounds that contain at least one hydroxyl group  (-OH) attached directly to a carbon.   Phenols are similar to alcohols, but the hydroxyl group is attached directly to an aromatic ring.  Carboxylic acids contain a carboxyl group –COOH.  Phenols and carboxylic acids act as acids with the hydroxyl hydrogen being the acidic proton.  Alcohols and carboxylic acids combine to form esters.  Esters contain the functional group COOR (R is a generic alkyl group).  Acid anhydrides contain two carboxylic acid molecules with one molecule of water removed,  -COOH + HOOC- ( -COOOC- + H2O .  Acid anhydrides are more reactive than carboxylic acids and react with alcohols and phenols to form esters.
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The synthesis of aspirin, acetylsalicylic acid, involves combining a phenol group in salicylic acid and acetic anhydride, an acid anhydride.  A catalyst, sulfuric acid is used to speed the reaction.

[image: image4.wmf]acetic anhydride

C

C

O

O

H

H

H

C

C

O

H

H

H

salicylic acid

C

C

C

C

C

C

O

C

O

O

H

H

H

H

H

H

+





After the aspirin is synthesized, you will purify it by a process called recrystallization and test the purity by comparing your product to commercial aspirin and the reactant, salicylic acid.

EXPERIMENTAL PROCEDURE

Safety Notes
Acetic anhydride is a DANGEROUS chemical; it can cause severe burns and is particularly dangerous when it comes into contact with water - BE CAREFUL; it is also a lachrymator (makes your eyes tear).  The aspirin you make here is not sufficiently purified for human consumption.
1. Prepare a water bath by heating a 400 mL beaker filed with water to about 250 mL.

2. Weigh out 5.0 g of salicylic acid and place it in a 125 mL DRY Erlenmeyer flask.

3. Bring your flask of salicylic acid to the stockroom window and have a lab assistant add at least 5.0 mL of acetic anhydride to your flask.

4. Then, CAREFULLY, add to this solution, with an eyedropper, 5 drops of 18M (concentrated) sulfuric acid.  

5. Heat this mixture gently by swirling it in a boiling water bath for about 5-10 minutes or until the reaction mixture clears. 

6. Pour the reaction solution CAREFULLY into a small beaker containing about 25 mL of cold distilled water. (This decomposes any unreacted acetic anhydride.)

7. Continue to keep this solution cold for about 5 minutes with stirring (by immersing the beaker containing the reaction mixture in an ice-water bath, if necessary).  Collect the crystals by filtering with a Buchner funnel system (see the lab assistant if you need help).

8. Recrystallize the product from an ethanol-water solution.  This is accomplished by dissolving the crystals in about 15 mL of ethanol in a 150 mL beaker set in a hot water bath and then adding 40 mL of warm water to the ethanol solution.  It may be heated more at this time if all the crystals are not dissolved.  

9 When the product is completely dissolved, set the beaker aside to cool slowly.  (One usually gets purer but fewer crystals by slow cooling; you can use an ice-water bath for quicker cooling if you wish). Wet down #3 filter paper with ice cold water.  Collect the crystals again in a Buchner funnel. Use a spatula to scrape the aspirin from the paper.  Spread and dry overnight on a pre-weighed watch glass. You may remove the amount needed for the aspirin purity section before drying.

10.   Weigh the product after it is sufficiently dry.  


11. Place your product in a small plastic bag and attach it to your lab report. 


ASPIRIN PURITY
The following is a quick test to determine the purity of your aspirin product.  This is a test for free salicylic acid.  The crude product produced in the lab is compared to commercial aspirin and various concentrations of salicylic acid.  The phenol group of salicylic acid reacts with iron(III) ion to form a violet-purple complex.

Procedure

1.  Get a spot plate from the stockroom and label one spot A for commercial aspirin one P for product, and one S for 2% Salicylic Acid.  


2.  Deliver 10 drops of the solution found in the dropper bottle labeled Commercial Aspirin into spot A.

3.  Place a small amount of your product, acetylsalicylic acid, in spot P. Carefully add drop by drop enough Alcohol to dissolve your solid product.
4.  Obtain the salicylic acid standard in the dropper bottle labeled 2% Salicylic Acid and put 10 drops into the well, labeled S.

5.  Put one drop of the Iron(III)Nitrate into each well.


6.  Note the color of the commercial aspirin and your product.  Now compare the color of your product with the color of the salicylic acid.  Decide if your aspirin product looks more like the commercial aspirin or more like the 2% Salicylic Acid.  If it looks more like the commercial aspirin you can claim that your product is greater than 98% pure on the data sheet.  If it looks more like the salicylic acid, write down less than 98% pure on the data sheet.


Name____________________________________  Instructor____________________________


DATA AND RESULTS
A)      Mass of salicylic acid used(around 5 grams)

                                                  g

                 SHOW ALL CALCULATIONS
1) Calculate molar mass of salicylic acid                                          ________________g/mole
2) Moles of salicylic acid used

       _________________________________ moles   

3) Volume of acetic anhydride used
                                               5.0                    mL


                   Density of acetic anhydride  Look up in Merck Index                   ________________g/mL  

                4)     Mass of acetic anhydride used
                                       ________________g  

5)   Calculate the molar mass of acetic anhydride                         _______________g/mole
6) Moles of acetic annydride used
                                       ______________moles

7) Mass of your aspirin

                                                                                   g

8) Calculalate the molar mass of acetylsalicylic acid                    _______________g/mole                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
9)  Calculate the Theoretical Yield
    Theoretical Yield =( moles of salicylic acid) x (molar mass of acetylsalicylic acid)

                                                                                                    _______________g

10) Calculate Percent Yield
                                                                grams of your aspirin  x 100
                                     Percent Yield =   grams theoretical yield

                                                                                                                                 ________________%

Estimated percent aspirin by purity test                                                                _________________%
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Region 0.000 0.000 1291.667 -1458.333

1

1 1

Times New Roman

12 0 R WIN 0 2 18

2

2

124.198 -41.848 1601.802 -1521.792

0.000 0.000 0.000 0.000

5.55 0

#version 210

MOL 21 21

589.237 -788.639 0.000 1 1 1 C 0 0

762.442 -888.639 0.000 2 1 2 C 0 0

762.442 -1088.639 0.000 3 1 3 C 0 0

589.237 -1188.639 0.000 4 1 4 C 0 0

416.032 -1088.639 0.000 5 1 5 C 0 0

416.032 -888.639 0.000 6 1 6 C 0 0

589.237 -558.639 0.000 7 1 7 C 0 0

789.237 -558.639 0.000 8 1 8 O 0 0

589.237 -358.639 0.000 9 1 9 O 0 0

1108.853 -688.639 0.000 10 1 10 C 0 0

1282.058 -588.639 0.000 11 1 11 C 0 0

935.647 -788.639 0.000 12 1 12 O 0 0

1208.853 -861.844 0.000 13 1 13 O 0 0

935.647 -1188.639 0.000 14 1 14 H 0 0

589.237 -1388.639 0.000 15 1 15 H 0 0

242.827 -1188.639 0.000 16 1 16 H 0 0

242.827 -788.639 0.000 17 1 17 H 0 0

589.237 -158.639 0.000 18 1 18 H 0 0

1482.058 -588.639 0.000 19 1 19 H 0 0

1282.058 -388.639 0.000 20 1 20 H 0 0

1282.058 -788.639 0.000 21 1 21 H 0 0

2 1 2 0 0

3 2 0 0 0

4 3 2 0 0

5 4 0 0 0

6 5 2 0 0

6 1 0 0 0

7 1 0 0 0

8 7 2 0 0

9 7 0 0 0

11 10 0 0 0

12 10 0 0 0

12 2 0 0 0

13 10 2 0 0

14 3 0 0 0

15 4 0 0 0

16 5 0 0 0

17 6 0 0 0

18 9 0 0 0

19 11 0 0 0

20 11 0 0 0

21 11 0 0 0

#pseudo_bond 0

#atom_label 21

1

1

518.750 -719.400 661.250 -874.240

533.000 -804.333 0.000 0.000

10.41 0

1 0

C

1

1 589.000 -788.000 0

2

1

691.750 -819.400 834.250 -974.240

706.000 -904.333 0.000 0.000

10.41 0

1 0

C

1

1 762.000 -888.000 0

3

1

691.750 -1019.400 834.250 -1174.240

706.000 -1104.333 0.000 0.000

10.41 0

1 0

C

1

1 762.000 -1088.000 0

4

1

518.750 -1119.400 661.250 -1274.240

533.000 -1204.333 0.000 0.000

10.41 0

1 0

C

1

1 589.000 -1188.000 0

5

1

345.750 -1019.400 488.250 -1174.240

360.000 -1104.333 0.000 0.000

10.41 0

1 0

C

1

1 416.000 -1088.000 0

6

1

345.750 -819.400 488.250 -974.240

360.000 -904.333 0.000 0.000

10.41 0

1 0

C

1

1 416.000 -888.000 0

7

1

518.750 -489.400 661.250 -644.240

533.000 -574.333 0.000 0.000

10.41 0

1 0

C

1

3 589.000 -558.000 0

8

1

711.875 -489.400 868.125 -644.240

727.500 -574.333 0.000 0.000

10.41 0

1 0

O

1

1 789.000 -558.000 0

9

1

511.875 -289.400 668.125 -444.240

527.500 -374.333 0.000 0.000

10.41 0

1 0

O

1

1 589.000 -358.000 0

10

1

1037.750 -619.400 1180.250 -774.240

1052.000 -704.333 0.000 0.000

10.41 0

1 0

C

1

1 1108.000 -688.000 0

11

1

1211.750 -519.400 1354.250 -674.240

1226.000 -604.333 0.000 0.000

10.41 0

1 0

C

1

1 1282.000 -588.000 0

12

1

857.875 -719.400 1014.125 -874.240

873.500 -804.333 0.000 0.000

10.41 0

1 0

O

1

1 935.000 -788.000 0

13

1

1130.875 -792.400 1287.125 -947.240

1146.500 -877.333 0.000 0.000

10.41 0

1 0

O

1

1 1208.000 -861.000 0

14

1

864.750 -1119.400 1007.250 -1274.240

879.000 -1204.333 0.000 0.000

10.41 0

1 0

H

1

1 935.000 -1188.000 0

15

1

518.750 -1319.400 661.250 -1474.240

533.000 -1404.333 0.000 0.000

10.41 0

1 0

H

1

1 589.000 -1388.000 0

16

1

171.750 -1119.400 314.250 -1274.240

186.000 -1204.333 0.000 0.000

10.41 0

1 0

H

1

3 242.000 -1188.000 0

17

1

171.750 -719.400 314.250 -874.240

186.000 -804.333 0.000 0.000

10.41 0

1 0

H

1

3 242.000 -788.000 0

18

1

518.750 -89.400 661.250 -244.240

533.000 -174.333 0.000 0.000

10.41 0

1 0

H

1

1 589.000 -158.000 0

19

1

1411.750 -519.400 1554.250 -674.240

1426.000 -604.333 0.000 0.000

10.41 0

1 0

H

1

1 1482.000 -588.000 0

20

1

1211.750 -319.400 1354.250 -474.240

1226.000 -404.333 0.000 0.000

10.41 0

1 0

H

1

1 1282.000 -388.000 0

21

1

1211.750 -719.400 1354.250 -874.240

1226.000 -804.333 0.000 0.000

10.41 0

1 0

H

1

1 1282.000 -788.000 0

end

1

42.000 -1672.000 1249.000 -1868.000

73.000 -1770.152 0.000 0.000

10.41 0

1 0

acetylsalicylic acid

1
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Region 0.000 0.000 2788.007 -1787.152

2

1 1

Times New Roman

12 0 R WIN 0 2 18

3 1

Times New Roman

11 0 R WIN 0 2 18

5

1

178.205 -1068.152 1260.205 -1264.152

209.205 -1166.152 0.000 0.000

10.41 0

1 0

acetic anhydride

1

2

41.795 -479.445 1281.205 -1069.395

0.000 0.000 0.000 0.000

4.95 0

#version 210

MOL 13 12

493.783 -767.113 63.118 1 1 1 C 0 0

326.726 -767.113 125.944 2 1 2 C 0 0

660.841 -767.113 0.292 3 1 3 O 0 0

493.783 -588.633 63.118 4 1 4 O 0 0

159.668 -767.113 188.770 5 1 5 H 0 0

326.726 -588.633 125.944 6 1 6 H 0 0

326.726 -945.594 125.944 7 1 7 H 0 0

827.898 -767.113 -62.534 8 1 1 C 0 0

994.956 -767.113 -125.360 9 1 2 C 0 0

827.898 -945.594 -62.534 10 1 4 O 0 0

1162.013 -767.113 -188.186 11 1 5 H 0 0

994.956 -588.633 -125.360 12 1 6 H 0 0

994.956 -945.594 -125.360 13 1 7 H 0 0

2 1 0 0 0

3 1 0 0 0

4 1 2 0 0

5 2 0 0 0

6 2 0 0 0

7 2 0 0 0

8 3 0 0 0

9 8 0 0 0

10 8 2 0 0

11 9 0 0 0

12 9 0 0 0

13 9 0 0 0

#pseudo_bond 0

#atom_label 13

1

1

429.000 -705.400 559.000 -844.440

442.000 -781.667 0.000 0.000

10.41 0

1 0

C

3

1 493.000 -767.000 0

2

1

262.000 -705.400 392.000 -844.440

275.000 -781.667 0.000 0.000

10.41 0

1 0

C

3

1 326.000 -767.000 0

3

1

589.750 -705.400 732.250 -844.440

604.000 -781.667 0.000 0.000

10.41 0

1 0

O

3

1 660.000 -767.000 0

4

1

422.750 -526.400 565.250 -665.440

437.000 -602.667 0.000 0.000

10.41 0

1 0

O

3

1 493.000 -588.000 0

5

1

88.750 -705.400 231.250 -844.440

103.000 -781.667 0.000 0.000

10.41 0

1 0

H

3

3 159.000 -767.000 0

6

1

255.750 -526.400 398.250 -665.440

270.000 -602.667 0.000 0.000

10.41 0

1 0

H

3

1 326.000 -588.000 0

7

1

255.750 -883.400 398.250 -1022.440

270.000 -959.667 0.000 0.000

10.41 0

1 0

H

3

1 326.000 -945.000 0

8

1

763.000 -705.400 893.000 -844.440

776.000 -781.667 0.000 0.000

10.41 0

1 0

C

3

1 827.000 -767.000 0

9

1

930.000 -705.400 1060.000 -844.440

943.000 -781.667 0.000 0.000

10.41 0

1 0

C

3

1 994.000 -767.000 0

10

1

756.750 -883.400 899.250 -1022.440

771.000 -959.667 0.000 0.000

10.41 0

1 0

O

3

1 827.000 -945.000 0

11

1

1091.750 -705.400 1234.250 -844.440

1106.000 -781.667 0.000 0.000

10.41 0

1 0

H

3

1 1162.000 -767.000 0

12

1

923.750 -526.400 1066.250 -665.440

938.000 -602.667 0.000 0.000

10.41 0

1 0

H

3

1 994.000 -588.000 0

13

1

923.750 -883.400 1066.250 -1022.440

938.000 -959.667 0.000 0.000

10.41 0

1 0

H

3

1 994.000 -945.000 0

end

1

1553.205 -1549.152 2396.205 -1745.152

1584.205 -1647.152 0.000 0.000

10.41 0

1 0

salicylic acid

1

2

1491.198 -41.848 2621.802 -1521.792

0.000 0.000 0.000 0.000

5.55 0

#version 210

MOL 16 16

1955.775 -788.639 0.000 1 1 1 C 0 0

2128.980 -888.639 0.000 2 1 2 C 0 0

2128.980 -1088.639 0.000 3 1 3 C 0 0

1955.775 -1188.639 0.000 4 1 4 C 0 0

1782.570 -1088.639 0.000 5 1 5 C 0 0

1782.570 -888.639 0.000 6 1 6 C 0 0

2302.186 -788.639 0.000 7 1 7 O 0 0

1955.775 -558.639 0.000 8 1 8 C 0 0

2155.775 -558.639 0.000 9 1 9 O 0 0

1955.775 -358.639 0.000 10 1 10 O 0 0

2302.186 -1188.639 0.000 11 1 11 H 0 0

1955.775 -1388.639 0.000 12 1 12 H 0 0

1609.365 -1188.639 0.000 13 1 13 H 0 0

1609.365 -788.639 0.000 14 1 14 H 0 0

2502.185 -788.639 0.000 15 1 15 H 0 0

1955.775 -158.639 0.000 16 1 16 H 0 0

2 1 2 0 0

3 2 0 0 0

4 3 2 0 0

5 4 0 0 0

6 5 2 0 0

6 1 0 0 0

7 2 0 0 0

8 1 0 0 0

9 8 2 0 0

10 8 0 0 0

11 3 0 0 0

12 4 0 0 0

13 5 0 0 0

14 6 0 0 0

15 7 0 0 0

16 10 0 0 0

#pseudo_bond 0

#atom_label 16

1

1

1884.750 -719.400 2027.250 -874.240

1899.000 -804.333 0.000 0.000

10.41 0

1 0

C

1

1 1955.000 -788.000 0

2

1

2057.750 -819.400 2200.250 -974.240

2072.000 -904.333 0.000 0.000

10.41 0

1 0

C

1

1 2128.000 -888.000 0

3

1

2057.750 -1019.400 2200.250 -1174.240

2072.000 -1104.333 0.000 0.000

10.41 0

1 0

C

1

1 2128.000 -1088.000 0

4

1

1884.750 -1119.400 2027.250 -1274.240

1899.000 -1204.333 0.000 0.000

10.41 0

1 0

C

1

1 1955.000 -1188.000 0

5

1

1711.750 -1019.400 1854.250 -1174.240

1726.000 -1104.333 0.000 0.000

10.41 0

1 0

C

1

1 1782.000 -1088.000 0

6

1

1711.750 -819.400 1854.250 -974.240

1726.000 -904.333 0.000 0.000

10.41 0

1 0

C

1

1 1782.000 -888.000 0

7

1

2224.875 -719.400 2381.125 -874.240

2240.500 -804.333 0.000 0.000

10.41 0

1 0

O

1

1 2302.000 -788.000 0

8

1

1884.750 -489.400 2027.250 -644.240

1899.000 -574.333 0.000 0.000

10.41 0

1 0

C

1

3 1955.000 -558.000 0

9

1

2077.875 -489.400 2234.125 -644.240

2093.500 -574.333 0.000 0.000

10.41 0

1 0

O

1

1 2155.000 -558.000 0

10

1

1877.875 -289.400 2034.125 -444.240

1893.500 -374.333 0.000 0.000

10.41 0

1 0

O

1

1 1955.000 -358.000 0

11

1

2231.750 -1119.400 2374.250 -1274.240

2246.000 -1204.333 0.000 0.000

10.41 0

1 0

H

1

1 2302.000 -1188.000 0

12

1

1884.750 -1319.400 2027.250 -1474.240

1899.000 -1404.333 0.000 0.000

10.41 0

1 0

H

1

1 1955.000 -1388.000 0

13

1

1538.750 -1119.400 1681.250 -1274.240

1553.000 -1204.333 0.000 0.000

10.41 0

1 0

H

1

3 1609.000 -1188.000 0

14

1

1538.750 -719.400 1681.250 -874.240

1553.000 -804.333 0.000 0.000

10.41 0

1 0

H

1

3 1609.000 -788.000 0

15

1

2431.750 -719.400 2574.250 -874.240

2446.000 -804.333 0.000 0.000

10.41 0

1 0

H

1

1 2502.000 -788.000 0

16

1

1884.750 -89.400 2027.250 -244.240

1899.000 -174.333 0.000 0.000

10.41 0

1 0

H

1

1 1955.000 -158.000 0

end

1

1282.205 -746.152 1437.205 -942.152

1313.205 -844.152 0.000 0.000

10.41 0

1 0

+

1
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$c4d$

1516

Chemistry-4D-Draw 210

Region 0.000 0.000 1246.604 -921.152

1

1 1

Times New Roman

12 0 R WIN 0 2 18

2

1

239.802 -683.152 967.802 -879.152

270.802 -781.152 0.000 0.000

10.41 0

1 0

acetic acid

1

2

41.198 -41.848 1078.802 -691.792

0.000 0.000 0.000 0.000

5.55 0

#version 210

MOL 8 7

559.873 -358.572 0.000 1 1 1 C 0 0

359.873 -358.572 0.000 2 1 2 C 0 0

759.873 -358.572 0.000 3 1 3 O 0 0

559.873 -158.572 0.000 4 1 4 O 0 0

159.873 -358.572 0.000 5 1 5 H 0 0

359.873 -158.572 0.000 6 1 6 H 0 0

359.873 -558.572 0.000 7 1 7 H 0 0

959.873 -358.572 0.000 8 1 8 H 0 0

2 1 0 0 0

3 1 0 0 0

4 1 2 0 0

5 2 0 0 0

6 2 0 0 0

7 2 0 0 0

8 3 0 0 0

#pseudo_bond 0

#atom_label 8

1

1

488.750 -289.400 631.250 -444.240

503.000 -374.333 0.000 0.000

10.41 0

1 0

C

1

1 559.000 -358.000 0

2

1

288.750 -289.400 431.250 -444.240

303.000 -374.333 0.000 0.000

10.41 0

1 0

C

1

1 359.000 -358.000 0

3

1

681.875 -289.400 838.125 -444.240

697.500 -374.333 0.000 0.000

10.41 0

1 0

O

1

1 759.000 -358.000 0

4

1

481.875 -89.400 638.125 -244.240

497.500 -174.333 0.000 0.000

10.41 0

1 0

O

1

1 559.000 -158.000 0

5

1

88.750 -289.400 231.250 -444.240

103.000 -374.333 0.000 0.000

10.41 0

1 0

H

1

3 159.000 -358.000 0

6

1

288.750 -89.400 431.250 -244.240

303.000 -174.333 0.000 0.000

10.41 0

1 0

H

1

1 359.000 -158.000 0

7

1

288.750 -489.400 431.250 -644.240

303.000 -574.333 0.000 0.000

10.41 0

1 0

H

1

1 359.000 -558.000 0

8

1

888.750 -289.400 1031.250 -444.240

903.000 -374.333 0.000 0.000

10.41 0

1 0

H

1

1 959.000 -358.000 0

end

@End@ Chemistry-4D-Draw

 




