CHAPTER 1.7: Carboxylic Acids and Esters

· A carboxylic acid is an organic compound with a carboxyl group as the functional group (ie. R-COOH).

· Carboxylic acids are weak acids with distinctive odours, which are highly advantageous to law enforcement.

· They are weak acids also because the H on the end of the carboxylic group is only slightly more polar than in alcohols.

· The carboxyl group polarizes the OH group even more, therefore on occasion; the R-COOH group can react with water as a proton donor therefore becoming an acid.

· To name the carboxylic acid, replace the “e” at the end of the parent alkane with –oic acid.

· The carbon atom of the carboxyl group is always given position number 1.

Some examples of acids:     methanoic acid                formic acid

                                           Ethanoic acid                   acetic acid

                                           Phenylmethanoic acid      benzoic acid

· When naming acids with multiple carboxyl groups, the suffix “–dioc acid” is used for acids with a carboxyl group at each end of the parent chain.

· The compound HOOC- CH2- COOH, is named propanedioc acid; the carboxyl C atoms are counted in the parent chain.

Questions: Practice page 60   #1, 2

Properties of Carboxylic Acids:

· Due to the presence of the polar OH and C=O bonds, carboxylic acids are polar compounds.

· They have stronger hydrogen bonding than alcohol of similar molecular mass.

· RCOOH with low molecular masses are very soluble in water (ie.1 to 4 carbons).

· Like alcohols, ketones and aldehydes, the solubility of RCOOH in water decreases as the number of carbons increases.

· Because of strong hydrogen bonds between molecules, the melting points and boiling points of RCOOH are very high.

· RCOOH have unpleasant odours.

· The OH group in a RCOOH does not behave like  the basic OH.

· Oxygen has a high electronegativity and there are two oxygen atoms in the RCOOH functional group.

· These electronegative oxygen atoms help to carry the extra negative charge that is caused when a positive hydrogen atom dissociates.

· This is why the hydrogen atom in a RCOOH is able to dissociate, and the RCOOH behaves like an acid.

Reactions of Carboxylic Acids:

· Read pages 61-63 to review some reactions involving the preparation of RCOOH.

· Observe: Summary page 62: Oxidation of Aldehydes to RCOOH

· Like other acids, a RCOOH reacts with a base to produce a salt and water.

· A RCOOH reacts with an alcohol in the presence of a strong acid (sulphuric acid) to produce an ester is referred to as an esterification reaction.
· In this reaction the alcohol acts as an organic base and the ester formed may be considered an organic salt.
· An esterification reaction is one type of condensation reaction.

· In a similar type of condensation reaction, an amide can be formed from a RCOOH and an amine.

· RCOOH can also be reduced to form aldehydes and alcohols.

Condensation Reactions:

· This type of reaction involves two molecules combining to form a single organic molecule.

· A small molecule, usually water, is produced during the reaction.

· Observe reaction below:

Carboxylic acid                 alcohol                  ester        water

Hydrolysis Reaction:

· This reaction adds water to a bond, splitting it in two.

· This reaction is the reverse of a condensation reaction.

· In organic chemistry, water can add to an ester or amide bond.

· A RCOOH and an alcohol are produced if an ester bond is hydrolysed.

· A RCOOH and an amine are produced if an amide bond is hydrolysed.

ESTERS:

· Esters occur naturally in nature and are responsible for the odours of fruits and flowers (ie. low molar mass esters have pleasant odours).

· An ester is an organic compound that has the following functional group:

· The general formula for an ester is RCOOR’.

· An ester is the product of a reaction between a RCCOH and an alcohol.

· When naming an ester, you must recognize that they can be thought of as having two distinct parts.

· They are named as derivatives of RCOOH.

· The alkyl group attached to the OH is named first, followed by the name of the acid from which the ester is derived from.

· Drop the “oic” ending of the acid and add “oate”.

       Butylethanoate (banana)                       ethyl benzoate

Properties of Esters:

· Esters have different physical properties than RCOOH, even though they are isomers of each other.

· They are usually polar molecules. 

· Esters do not have OH bond, therefore, they cannot form H bonds with other ester molecules.

· Esters can accept H bonds from water.

· Therefore, esters with low molecular masses are soluble in water.

· Esters with carbon chains that are longer than three or four carbons are not soluble in water.

· Because esters cannot form hydrogen bonds, they have low boiling points. 

· They are usually volatile liquids at room temperature.

Reactions of Esters:

· When esters are treated with an acid or a base, a reversal esterification occurs; that is, the ester is “cleaved” or split into its acid and alcohol components.

· This reaction is called a hydrolysis reaction.

· Hydrolysis usually requires heat for it to occur.

· The reaction is carried out in a basic solution, and the products are the sodium salt of the carboxylic acid and the alcohol.

            Ester                                                   acid            alcohol 

Other facts:

· Fats and oils are esters of long-chain acids.

· When these esters are heated with a strong base such as sodium hydroxide, a hydrolysis reaction occurs.

· The sodium salts of the acids that result, is what we call soap.
· This soap-making reaction is called saponification.
· When certain reactants are used, esters can be formed repeatedly and joined together to form long chains.

· These large molecules of repeating units are called polymers.
· When the repeating units of esters occur, the polymer is called polyester.
· Read over Summary: page 67: Carboxylics and Esters

· Section Questions: page 68   # 1, 2, 3 (a),(b), 4 (a), (c)

