CHAPTER 1.6: ALDEHYDES AND KETONES

· Both aldehydes and ketones have a carbonyl functional group.
· A carbonyl group is composed of a carbon atom double-bonded to an oxygen atom  ( C = O ).

· An aldehyde is an organic compound that has a double-bonded oxygen on the last carbon of a carbon chain.

· The functional group for an aldehyde is 

                            O

           -   C  -   

· The general formula for an aldehyde is R-CHO.

·  When the carbonyl group occurs in the middle of a hydrocarbon chain, the compound is a ketone.

                             O

                           - C -

· the general formula for a ketone  is R-COR’

· Aldehydes are named by replacing the “e” ending of the parent alkane chain with “al”.

  Example:     methanal (common name is formaldehyde)

                     Ethanal  (common name is acetaldehyde)

· Ketones are named by replacing the “e” ending of the parent alkane by “one”.

                      Propanone (common name is acetone)

Properties of Aldehydes and Ketones:

· Ketones are lacking in OH groups therefore their BP’s are lower than alcohols of similar molar mass. 

· As molar mass increases, so does the BP.

· There is not as much H bonding.

· However, - C = O bond is very polar.

· Therefore ketones are more soluble in water than alkanes, alkenes, and alkynes (i.e hydrocarbons).

· Because of the non-polar hydrocarbon part of their molecules, aldehydes and ketones can also act as solvents for non-polar compounds.

· In general, aldehydes have a strong pungent smell, while ketones smell sweet.

REACTIONS OF ALDEHYDES AND KETONES:

· Recap: Oxidation-reduction reactions in terms of the transfer of electons, always occur together.

· One reactant is oxidized while the other is reduces.

                          LEO   says    GER

· In organic chemistry, redox reactions are defined by the changes of the bonds to carbon atoms in the organic reactant.
Oxidation reactions:
· In organic chemistry, oxidation is defined as a reaction in which a carbon atom forms more bonds to oxygen, O, or less bonds to hydrogen, H.

· An oxidation reaction that involves the formation of double C=O bonds may also be classified as an elimination reaction.

   Eg. Alcohols can be oxidized to produce aldehydes and ketones.  Oxidation occurs when an organic compound reacts with an oxidizing agent.  Common oxidizing agents include acidified potassium permanganate, acidified potassium dichromate and ozone.  The symbol [O] is used to symbolize an oxidizing agent.

Here are some examples:

      Alcohol               oxidizing agent                aldehyde or ketone

   Aldehyde              oxidizing agent                  carboxylic acid

· To identify an oxidation, count and compare the number of C-H and C-O bonds on both the reactant and product.

· Try the example below:

            Ethanol              oxidizing agent                      ethanal

Reduction Reactions:
· In organic chemistry, reduction is defined as a reaction in which a carbon atom forms fewer bonds to oxygen, or more bonds to hydrogen.

· Often a C=O bond or C=C bond is reduced to a single bond by reduction.

· A reduction that transforms double C=C or C=O bonds to single bonds may also be classified as an addition reaction.

· Aldehydes, ketones and carboxylic acids can be reduced to become alcohols.

· Alkenes and alkynes can be reduced by the addition of H2 to become alkanes.

· Reduction occurs when an organic compound reacts with a reducing agent.

· Common reducing agents are lithium aluminum hydride, and hydrogen gas over a platinum catalyst.  

· The symbol [H] is used to symbolize a reducing agent.

Aldehyde or ketone     reducing agent                     alcohol

Alkene                     reducing agent                        alkane

· To identify a reduction, count and compare the number of C-H and C-O bonds in both the reactant and the product.

· Try the next example:

    Oxidation of Aldehydes and Ketones:

· In the presence of an oxidizing agent, an aldehyde is oxidized to produce a carboxylic acid.

· The hydrogen atom that is bonded to the carbon atom of the C=O bond is replaced with an OH group.

            Aldehyde                                               carboxylic acid

· Ketones do not usually undergo oxidation.

· Like tertiary alcohols, ketones do not have a hydrogen atom that is available to be removed.

· C-C bonds are too strong to be broken by an oxidizing agent.

              Ketone                                             no reaction

Reduction of Aldehydes and Ketones:

· You learned earlier that primary alcohols are oxidized to aldehydes, and secondary alcohols are oxidized to ketones.

· Aldehydes can be reduced to produce primary alcohols.

· Ketones can be reduced to produce secondary alcohols.

    Aldehyde                                                           primary alcohol

    Ketone                                                             secondary alcohol

· Review summary on page 53: Oxidation of Alcohols( Aldehydes to Ketones

· Aldehydes and ketones can react with H2 (g) under heat and pressure and also with a catalyst to produce alcohols.

· This is known as hydrogenation.
     Ethanal                                                           ethanol

· Read over summary page 55: Aldehydes and Ketones

· Do questions: page 57: Section Questions:

                   # 1, 2, 3 (a)-(b), 4

