Oxidation of Ethanol, Esters, Polymerization, Amino Acids and Proteins

OBJECTIVES:
17.  Describe the partial and complete oxidation of ethanol.

18. Outline the condensation reaction of an alcohol with a carboxylic acid to form an ester, and state the uses of esters.

19. Deduce the condensation polymers formed by amines and by carboxylic acids.

20. Outline the polymerization of alkenes.

21. Outline the formation of peptides and proteins from 2-amino acids.

Oxidation of Ethanol

The oxidising agent used in these reactions is normally a solution of sodium or potassium dichromate (VI) acidified with dilute sulphuric acid.  If oxidation occurs, the orange solution containing the dichromate (VI) ions is reduced to a green solution containing chromium (III) ions.

The electron-half-equation for this reaction is


Alcohols can be oxidised to either aldehydes (ethanal) or carboxylic acids (ethanoic acid) depending on the reaction conditions.  In the case of the formation of carboxylic acids, the alcohol is first oxidised to an aldehyde, which is then oxidised further to the acid. 

Partial Oxidation to Aldehydes
You get an aldehyde if you use an excess of the alcohol, and distil off the aldehyde as soon as it forms.  The excess of the alcohol means that there isn't enough oxidising agent present to carry out the second stage.  Removing the aldehyde as soon as it is formed means that it doesn't hang around waiting to be oxidised anyway!  If you used ethanol as a typical alcohol, you would produce the aldehyde ethanal, CH3CHO.

Complete Oxidation to Carboxylic Acids
You need to use an excess of the oxidising agent and make sure that the aldehyde formed as the half-way product stays in the mixture.  The alcohol is heated under reflux with an excess of the oxidising agent.  When the reaction is complete, the carboxylic acid is distilled off. 

Esters

Esters result from the condensation (a reaction that produces water) of a carboxylic acid and an alcohol.  The process is called esterification.

Many esters have distinctive odors, which has led to their widespread use as artificial flavorings and fragrances. For example: 

· methyl butanoate smells of pineapple 

· methyl salicylate smells of wintergreen 

· ethyl methanoate smells of raspberry 

· pentyl ethanoate smells of banana 

· pentyl pentanoate smells of apple 

· pentyl butanoate smells of pear or apricot 

· octyl ethanoate smells of orange 
During esterification, an acid, usually H2SO4, is added to the reaction.  The concentrated H2SO4 removes water from the products and is a dehydrating agent.  Esters are volatile liquids which are not ionized and they are soluble in organic solvents but not in water.  They are used as solvents in perfumes and as plasticizers (substances used to modify the properties of polymers by making them more flexible).  

Among the most important of the natural esters are fats such as lard, tallow, and butter, and oils such as linseed, cottonseed, and olive. 

Condensation Polymerization

Condensation polymers are any class of polymers formed through a condensation reaction, as opposed to addition polymers which involve the reaction of unsaturated monomers.  Condensation polymerisation is a process by which two molecules join together, with the loss of a small molecule which is often water or hydrogen chloride.  Types of condensation polymers include polyamides, polyacetals and polyesters.

Polyester is created through ester linkages between monomers, which involve the functional groups carboxy and hydroxy (an organic acid and an alcohol monomer).

Nylon is a common condensation polymer.  It is manufactured by reacting di-amines with carboxyl derivatives.  In this example the derivative is a di-carboxylic acid, but di-acyl chlorides are also used.

The carboxylic acids and amines link to form peptide bonds, also known as amide groups.  Proteins are condensation polymers made from amino acid monomers.  

Carbohydrates are also condensation polymers made from sugar monomers such as glucose and galactose.

The most commonly known condensation polymers are proteins, fabrics such as nylon, silk, or polyester.

Polymerization of Alkenes
Under certain conditions, ethane can also undergo addition reactions with itself to form a long chain polymer containing many thousands of carbon atoms, known as polythene.  These addition reactions can be extended to other substituated alkenes to give a wide variety of different addition polymers.  An example is polyvinyl chloride.

Amino Acids, Peptides and Proteins
Proteins and peptides are made of amino acids that are joined by covalent bonds called peptide bonds.  Some 300 amino acids occur in nature but only 20 of these are relevant to protein synthesis in living things.  These basic building blocks of proteins are long chains of polypeptides formed by condensation reactions between amino acids.

Amino acids have functional groups attached to a central carbon atom.  One of these groups is always a carboxyl group (COOH) and another is an amino group (NH2).  A third functional group gives the particular amino acid its particular properties (R group) and the fourth atom bound to the central carbon maybe a hydrogen ion.  When the amine and carboxylic acid are both attached to the same carbon atom, they are known as 2-amino acids.

A peptide bond is formed by the removal of water from the two participating amino acids.  H+ is removed from the amino group of one and an -OH is removed from the carboxyl group of the other.  Peptides consist of two or more amino acids linked by peptide bonds.  Polypeptides are chains of more than ten amino acids.  All proteins are polypeptides, but they may contain other non-amino acid functional structures such as a vitamin derivative, mineral, lipid or carbohydrate.

Be prepared to answer the following questions.  The page from your text where the information is found is provided for you.

1. Define an optical isomer, chiral, and enantiomer.  Relate these to the carbon atom.  1005
2. Describe what happens when an alkene reacts with hydrogen or a halogen. 1055
3. What is a hydrogenation reaction and where is it used? 1055
4. Why do alcohols have higher boiling points than the alkanes that they come from?  1058
5. How are aldehydes and ketones most often produced? 1061
6. How are most carboxylic acids synthesized?  1062
7. Outline the condensation reaction of an alcohol with a carboxylic acid to form an ester and state the uses of esters. 1062
8. What is a polymer and what role does it play in our lives?  1064
9. Describe the condensation polymers formed by amines and by carboxylic acids (look at nylon and polyester and how the two functional groups are important on the product).  1068
10. In terms of polymerization, describe the formation of polyethylene.  1069
11. Outline the formation of peptides and proteins from two amino acids.  1074
