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Form 6 Chemistry Practical

Experiment 18: Cis-Trans Isomers of But-2-enedioic acid
Introduction

Cis-trans isomers are a kind of stereoisomers called geometrical isomers.  Due to the inability of rotation about the C=C bond, some compounds possess cis and trans isomers. But-2-enedioic acid is an example of having both isomers.
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          Maleic acid



   Fumaric acid

Cis and trans isomers have different physical properties such as boiling point, solubility, density and stability.  In this experiment some maleic acid is converted to fumaric acid by heating an aqueous solution of maleic acid in the presence of hydrochloric acid.  The hydrochloric acid serves as a catalyst of the reaction.  The properties of two acids are then compared.

Chemicals

Maleic acid, magnesium ribbon, sodium carbonate, concentrated hydrochloric acid, bromine water, pH paper

Apparatus
100cm3 and 250cm3 beakers, watch glass, apparatus for suction filtration (Büchner funnel and filter flask), melting point apparatus, 25 cm3 measuring cylinder

Procedures

A
Conversion of maleic acid to fumaric acid.

1. Weigh out about 4g of maleic acid in a clean dry 100cm3 beaker.  Add 10cm3 of deionised water and warm slightly to dissolve the acid.
2. Add 10cm3 of concentrated hydrochloric acid, and cover the beaker with a watch glass. Place the beaker inside a 250cm3 beaker which is about one third full of water.  Heat this water to boiling for about 5 minutes or until a solid material forms in the small beaker.

3. Cool the solution to room temperature by placing the small beaker with its contents in a cold water bath or in an ice bath.

4. Filter the reaction mixture by suction using the following set-up:
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5. Stop suction, either by lifting the funnel or by disconnecting the tubing, and soak the residue in about 1 cm3 of cold water. (If you turn off the tap, you may get a ‘suck-back’ of water!)

6. Resume suction and dry the crystals by drawing air through them for a few minutes.

7. Transfer the crystals into a weighed watch glass and dry in an oven at about 120℃ for 10 minutes.

8. Weigh the dried crystals of fumaric acid.

B. 
Comparison of properties of the two isomers
9. Solubility in water ― place about 1g of each isomer into 10cm3 of water in separate test tubes, shake to help dissolving.  See which isomer is more soluble.

10. Melting point — using the electrical melting point apparatus, or the traditional one, measure the melting points of the two isomers.

11. Acid strength — for each of the two isomers, prepare a solution by dissolving about 0.1g of the compound in about 20cm3 of distilled water. Divide the solution into 3 portions, one for each of the following tests:

(a) Measure the pH of the solution.

(b) Add a 3 cm strip of magnesium ribbon.

(c) Add a small amount of solid sodium carbonate.

12. Reaction with bromine water — suspend about 0.1g of the acid in about 5 cm3 of water. Add 3 drops of bromine water to the resulting solution/suspension. Shake and observe.
Data Treatment
1. Calculate the percentage yield of fumaric acid.

2. Tabulate the results of comparison between the properties of the isomers.

3. Write the observations of the reaction with bromine water.

Discussion

1. Assuming the reaction of conversion from maleic acid to fumaric acid is an equilibrium, from the experimental results, which isomer would you think is more stable?

2. Account for the differences on solubility and melting point of the two isomers in terms of their structures.
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