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Activity 3:   Oxidation and reduction reactions of carbonyl compounds





Student worksheet














Questions


What is the organic product of the reaction between Tollens’ reagent and an aldehyde? Give an equation for the reaction of Tollens’ reagent and propanal. Why is there no reaction between Tollens’ reagent and a ketone?


Give an equation for the reaction between potassium dichromate (VI) and propanal.


What is the product of the complete reduction of 1,2-diphenylethanedione? Give an equation for the reaction.


Suggest what might be formed in the reduction of 1,2-diphenylethanedione if there is only a limited amount of reducing agent present.


The product of complete reduction shows stereoisomerism. Which type of stereoisomerism is shown by the molecule and what feature/s in the molecule give rise to this?








From the examiner 


Demonstrate skilful and safe practical techniques.


Make and record valid observations.


Pay full attention to all essential safety precautions.





Data/diagram








Safety


Perform the experiment in a well-ventilated room


Wear a lab coat, safety spectacles and nitrile disposable gloves, tie long hair back.


























Analysis of results


What is the result of the Tollens test with propanal? 


How does this differ for propanone?


What is the difference between the reaction of potassium dichromate(VI) with propanal and   potassium dichromate(VI) with propanone?


How does the melting point of the 		           1,2-diphenylethandione compare with that of the reduced product?


Explain the difference by making reference to the types of intermolecular bonding in the 		           1,2-diphenylethanedione and its reduced product.











Procedure 


Prepare some Tollens’ reagent by placing 1 cm3 of silver nitrate solution into a test tube. Add one drop of sodium hydroxide solution to the silver nitrate solution. Dissolve the precipitate formed by adding ammonia solution drop-wise until the precipitate just dissolves.


Divide the solution into two by pouring equal quantities into two clean test tubes. Add 10 drops of propanal to one of the tubes and 10 drops of propanone to the other and label. 


Place both tubes into a beaker of boiled water. Leave until no further changes occur – this may take as long as five minutes. Record your observations. 


Put 1 cm3 of acidified potassium dichromate(VI) solution into a clean test tube and add 10 drops of propanal. Warm gently.


Repeat step 4 using propanone instead of propanal and record your observations.


Add 0.5 g of 1,2-diphenylethanedione to 5 cm3 of ethanol in a small conical flask.


Warm on a water bath, maintained between 50–60 °C until the ketone dissolves. If necessary add more ethanol but no more than 3 cm3.


Remove from the water bath and just as the ketone starts to crystallize add 0.1 g of sodium tetrahydridoborate(III).


Add 10 cm3 of distilled/deionised water to the mixture and heat until it boils.


Allow the mixture to cool. 


Filter the crystals under reduced pressure, washing with iced water. 


Dry the crystals between filter papers.


Find the melting point of the 1,2-diphenylethanedione and the product. 





Disposal:


All the ammoniacal silver nitrate solution should be washed down the foul water drain with plenty of water. It must not be stored (silver filaments form which have been known to explode).








Equipment/materials


1 cm3 0.1 mol dm–3 silver nitrate solution (low hazard)


0.5 cm3 0.5 mol dm–3 sodium hydroxide solution (corrosive)


5 cm3 1.0 mol dm–3 ammonia solution (low hazard)


0.5 g 1,2-diphenylethanedione (highly flammable)


8 cm3 ethanol (highly flammable)


0.1 g sodium tetrahydridoborate(III) (highly flammable and toxic)


2 cm3 acidified potassium dichromate(VI) (toxic and oxidising)


Distilled/deionised water


Ice


Five test tubes


Dropping pipettes


100 cm3 conical flask


250 cm3 beaker


Two 10 cm3 measuring cylinders


Thermometer (-10 to 110 °C) × 1 °C


Access to a balance, vacuum filtration, melting point apparatus 


Propanal (flammable)


Propanone (flammable)


Hot water (optional)


Labels








Objective				


Be able to distinguish between an aldehyde and a ketone using the Tollens test (ammoniacal silver nitrate).


Be able to reduce a ketone and identify the product.





�     �


Corrosive          Toxic          


�    �  


Oxidising      Flammable
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