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Introduction

Maleic acid and fumaric acid are geometrical isomers of butenedioic acid. Each of these isomers has its own distinctive properties such as melting 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 merely as a catalyst of the reaction. The properties of these isomers are then compared.

Chemicals

Maleic acid

Magnesium ribbon
Na2CO3 
Concentrated HCl 
Bromine water
pH paper
Apparatus

100cm3 and 250 cm3 beakers

Watch glass

Apparatus for suction filtration

25cm3 measuring cylinder

Test tubes

Procedure

[Hazard Warning: Maleic acid is irritant, concentrated hydrochloric acid is corrosive and bromine water is harmful.]

A. Conversion of maleic acid to fumaric acid

1. About 4 g of maleic acid was weighed and was put in a clean dry 100 cm3 beaker. 10 cm3 of deionized water was added into the beaker and the solution was warmed slightly to dissolve the acid.

2. 10cm3 of concentrated hydrochloric acid was added into the solution and the beakers was covered with a watch glass. The beaker was placed inside a 250 cm3 beaker which was about one third of full of water. This water bath was heated to   boiling for about 5 minutes or until a solid material forms in the small beaker.

3. The solution was cooled to room temperature by replacing the small beaker with its contents in a cold water bath or in an ice bath.

4. The reaction mixture was filtered by using suction using the follow set-up:
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5. Suction was stopped, either by lifting the funnel or disconnecting the tubing and the residue was soaked in about 1 cm3 of cold water.     

6. Suction was resumed and the crystals were dried by drawing air through them for a few minutes.

7. The crystals were transferred into a weighed watch glass and were dried in am oven at about 1200C for 10 minutes.

8. The dried crystals of fumaric acid were weighed.

B. Comparison of properties of the two isomers

1. Solubility in water- About 1 g of each isomer was placed into 10 cm3 of water in separate test tubes, and they were shaked to help dissolving. It was seen which isomer was more soluble.

2. Acid Strength – for each of the two isomers, a solution was prepared by dissolving about 0.1g of the compound in about 20 cm3 of the distilled water. The solution was divided into 3 portions, one for each of the following tests:

 (a) The pH of solution was measured

 (b) A 3 cm strip of magnesium ribbon

 (c) A small amount of solid sodium carbonate was added.
4. Reaction with bromine water- About 0.1g of the acid was suspended in 5 cm3 of water. 3 drops of bromine water were added to the resulting solution. It was shake and observed if there was any changes.
Results

A. Conversion of maleic acid to fumaric acid

Mass of fumaric acid: 2.5g

Percentage yield 67.5%

B. Comparison of properties of the two isomers

Water solubility: maleic acid is more soluble

2. Acid strength
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Test                  Maleic acid          Fumaric acid
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pH value of the solution      2                 4

Reaction with Mg      gas bubbles evolved   gas bubbles evolved

at a faster rate        at a slower rate

Reaction with Na2CO3  gas bubbles evolved  gas bubbles evolved

                      at a faster rate.        at a slower rate


3. Reaction with bromine water

  To Maleic acid, it decolorized the solution at a slower rate.
  To Fumaric acid, it decolorized the solution at a faster rate.   

Discussion

1. Assuming that the equilibrium concentration was achieved in procedure A, it is classified that fumaric acid (trans-form) is more stable. In procedure A, the overall equation of the conversion is:
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   In a reversible reaction, the higher stability of the compound, the more its stable form exists. This in procedure A, there are more fumaric acid formed, it will be more stable, resulting in a higher stability.

2(a). In the reaction with magnesium and sodium carbonate, the (cis-form) maleic acid gave gas bubbles faster than when they react with fumaric acid (trans-form). In fact, the reactions are  acid-base reaction, the butenedioic acids react with sodium carbonate and magnesium ribbon respectively which act as bases. Then, in the chemical reaction, gas bubbles will be evolved. The higher the rate of bubble evolved, the more stable is the product, and the more reactive and acid will be the reactant. According to the results, maleic acid is more acidic.

(b) When the two acids were put on the pH paper, they gave different pH colors. To the maleic acid, the color gives a corresponding value of pH 2 while to the fumaric acid, the color gives a corresponding value of pH 4. 

In overall, these tests show that the two forms of butenedioic acid, maleic acid and fumaric acid are acidic. And between them, maleic acid is acidic than fumaric acid. 
3. To the tests of solubility, it shows that maleic acid is more soluble into water than fumaric acid does. In fact, their solubility is affected by their molecular structures. In maleic acid, its structure has two dipole moments pointing to the same side and gives a non-zero dipole moment. Therefore, as like dissolve like, maleic acid is more soluble in polar solvent. e.g. water. 
     

   Maleic acid                              Fumaric acid  

In fumaric acid, its structure also has 2 dipole moments but opposing to each other. As a result, there is no overall dipole moment and less soluble in polar solvent.

4. In this pair of geometrical isomer, cis-, maleic acid can more easily to lose a molecule of acid to form an anhydride. As in the molecule the two COOH groups are in the same side, the lower energy is needed to form anhydride. As a result, the reaction is:
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  which requires lower energy to achieve than fumaric acid to form anhydride in accordance with the Collision Theory.

5. In procedure A, the maleic acid is heated and warmed with concentrated hydrochloric acid to form fumaric acid, where H+ in HCl act as catalyst. The overall mechanism can be written as:
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The proton is attacked by the lone pair of O bonded to C atom, then there is some proton transfer, changing the bond angles, absorb the activation energy by heat, and finally the proton is detached and fumaric acid is formed. As H+ will be detached after the reaction, can re-catalyze other maleic acid molecules to transform to fumaric acid, and so that it is homogenous catalyst.
6. In the experiment for the acids put on the pH paper, it is knowen that (cis-)maleic acid is more acidic than fumaric acid. It can be explained by their stability conjugate base after first ionization.

  In maleic acid, (consider the first ionization)
                 

                 
 + H2O             H+     +  
The more stable the base, the more is the reactant’ acidity, the conjugate base fromed by first ionization of maleic is stabilized by the formation intra-molecular bond in the conjugate base, so the maleic is more acidic.

However, in fumaric acid, (consider the first ionization)

 


+ H2O             H+     +  

The conjugate base does not have such stabilization by forming intra-molecular bond, so that fumaric acid is less acidic.

7. Trans- isomer, fumaric acid is expected to have a higher melting point. 
Firstly, although the fumaric acid has zero overall dipole moment, it is capable to form inter-molecular hydrogen bond. Therefore the melting point is higher.
Secondly, the trans- isomer, fumaric acid is more likely to spherical shape, so it will be more easily to pack, then the higher energy is required to melt. Thus, it is expected to have a higher melting point 
                                                         By Kong Siu Wai
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