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Nature’s Chemistry
Success Criteria

(What you need to know and understand)

Section 1:  Esters, fats and oils                                        
                                                                                                              O

· An ester can be identified from the presence of the ester link      O    C  
· The ester name is in the form –yl oate where the first part of the name is derived from the parent alcohol and the second part from the parent carboxylic acid.

· Structural formulae for esters can be drawn given the name of the parent alcohol and the parent carboxylic acid or given the name of the ester.

· Esters have characteristic smells, and are used as flavourings.

· Esters are also used as industrial solvents.

· Esters can be made by reacting alcohols with carboxylic acids.

· Ester formation, esterification, is an example of a condensation reaction.

· The ester link is formed when the hydroxyl group of the alcohol reacts with the carboxylic acid group of the acid, eliminating a small molecule of water in the process.
· Esters can be broken down (hydrolysed) into the parent alcohol and parent carboxylic acid.

· During hydrolysis, a molecule breaks down to two smaller molecules by reacting with water.

· Fats and oils are naturally occurring esters.

· The lower melting point of oils is related to the degree of unsaturation in the fatty acid molecules.

· Molecules in oils cannot pack as closely together as those in fats, leading to weaker intermolecular attractions and lower melting points.

· Fats and oils are an essential part of our diet, providing a concentrated energy source, and also transport for fat soluble vitamins in our bodies.
Section 2:  Proteins and Enzymes

· Proteins have many different functions in our bodies.
· Proteins are polypeptides made from amino acids.

· Amino acids contain an amino group (   NH2 ) and a carboxylic acid group 

(     COOH).

· There are 20 different amino acids needed to make the proteins in our bodies.
· Ten of the amino acids must be obtained from dietary proteins, and these are referred to as essential amino acids.

· Amino acids join by a condensation reaction to form proteins.

· The link joining amino acid residues in polypeptide chains is a peptide (amide) link.

· Most enzymes are proteins and act as biological catalysts.

· During digestion, enzymes break proteins into smaller peptide chains and amino acids.

· The breakdown of proteins during digestion is an example of hydrolysis.
· The structural formulae of amino acids obtained on hydrolysis of protein can be identified from the protein structure.

Section 3:  Chemistry of cooking

· Cooking causes proteins to denature.
· Many flavour molecules are aldehydes or ketones.

· The carbonyl group has the structure      C    O

· In aldehydes the carbonyl functional group is on and end carbon.

· In ketones the carbonyl functional group is joined to two other carbons.

· When given the name for straight and branched chain aldehydes and ketones with up to eight carbons in the main chain, a structural formula can be drawn.

· When given the structure for straight and branched chain aldehydes and ketones with up to eight carbons in the main chain, it can be named.

· Aldehydes and ketones can be distinguished using acidified potassium dichromate, Fehling’s solution or Tollen’s reagent.
· The carbonyl functional group is polar, and leads to permanent dipole-permanent dipole attractions between molecules.

· The boiling points of aldehydes and ketones are lower than those of equivalent alcohols, which have hydrogen bonding.

· Low molecular mass aldehydes and ketones are water soluble due to hydrogen bonds forming between the carbonyl group and the water molecules.

· Low molecular mass aldehydes and ketones are very volatile.
Section 4:  Oxidation of food

· How to name straight and branched chain aldehydes, ketones, alcohols and carboxylic acids.

· Alcohols can be classified as primary, secondary or tertiary, according to the number of carbon atoms that the carbon that is bonded to the hydroxyl group is attached to.

· Diols are alcohols with two hydroxyl groups and triols are alcohols with three hydroxyl groups.

· The ability to form hydrogen bonds affects properties of alcohols.

· Primary and secondary alchohols can be oxidised to aldehydes and ketones respectively.  Tertiary alcohols cannot be oxidised.

· Aldehydes can be oxidised further to form carboxylic acids.
· Oxidation can be identified by an increase in the oxygen-to-hydrogen ratio, going from reactants to products.

· Carboxylic acids can be reduced to aldehydes, which can then be reduced to primary alcohols.

· Reduction can be identified by a decrease in the oxygen-to-hydrogen ratio, going from reactants to products.

· Carboxylic acids react with bases in neutralisation reactions to form salts.
· Oxidation is the major cause of food spoilage.

· Oxygen can react with fatty acids in fats and oils, causing them to become rancid.

· Antioxidants are molecules which prevent other substances from oxidising.
· Ion-electron equations can be written for the oxidation of antioxidants.
· Aldehydes, ketones, alcohols and carboxylic acids exhibit isomerism.

Section 5:  Soaps, detergents and emulsions

· Hydrolysis of fats and oils in alkaline conditions produces soaps.

· Soap molecules have an ionic head and a hydrocarbon tail.

· The ionic head is hydrophilic (water-loving) and dissolves well in water.

· The hydrocarbon tail is hydrophobic (water-hating) and dissolves well in grease and oil.

· How to explain the cleaning action of soap.

· Hard water contains calcium and magnesium ions which form a scum with soap.

· Detergents were developed to combat hard-water conditions.

· Detergents clean in the same way as soaps.

· Emulsions are formed when two normally immiscible liquids mix.

· Emulsifiers are compounds which allow two normally immiscible liquids to mix.

· Emulsifier molecules have both hydrophilic and hydrophobic parts in their structure.
· Emulsifiers are widely used in the food industry.

Section 6:  Fragrances

· Fragrances can be due to essential oils in plants.

· Different methods can be used to extract oils from plants.

· Essential oils contain terpenes.

· Terpenes are molecules based on isoprene units joined together.

· The systematic name for isoprene is 2-methylbuta-1,3-diene.

· The term terpene is used to include compounds containing different functional groups.

· Oxidation of terpenes in plants is responsible for the aroma of many spices.

Section 7:  Skin care

· UV light is high-energy radiation which can cause skin damage, including photoageing.
· Sunblocks can physically protect by reflecting UV radiation.

· Sunscreens can chemically protect by absorbing UV radiation.

· UV radiation causes harmful free radicals, which react with proteins in our skin to form wrinkles.

· Free radicals are single atoms or groups of atoms with unpaired electrons, and are very reactive.
· The formation of free radicals initiates chain reactions.

· The three stages of a free radical chain reaction are initiation, propagation and termination.

· Free radical scavangers react with free radicals, preventing free radical chain reactions taking place.
· Free radical scavangers are also known as antioxidants.
· Antioxidants are added to cosmetic products to prevent free radical damage to skin tissue.

· Antioxidants are added to foods to prevent them from spoiling and to improve shelf life.
· Free radical scavangers are added to plastics to slow down degradation by UV light and oxygen.

