
Organic Chemistry from-the-text-book notes 

Chapter 17 notes 

Fossil fuels: a fuel formed from the remains of plants and animals that lived millions of years ago 

Fossil fuel formation: 

Dead sea plants and animals fall to the sea floor. They are buried under thick sediment (sand and mud) in anaerobic 

conditions. They slowly turn into oil and gas. 

Crude oil is a smelly mixture of hundreds of different compounds. They are organic compounds, which means they 

started off in living things. Most are also hydrocarbons – they only contain carbon and hydrogen. 

Fossil fuels are non-renewable resources, since they are being used up far faster than they can be replenished. 

Fuels to know: 

-coal 

-natural gas (main constituent is methane) 

-petroleum (a mixture of hydrocarbons which can be separated into fractions in fractional distillation, this is called 

refining, the fractions are): 

 

1. refinery gas 

bottled gas for heating and cooking 

2. gasoline fraction 

fuel (petrol) in cars 

3. naphtha fraction 

making chemicals 

4. kerosene/paraffin fraction 

jet fuel, lamps 

5. diesel oil/gas oil fraction 

fuel in diesel engines 

6. fuel oil fraction 

fuel in ships and home heating systems 

7. lubricating fraction 

lubricants, waxes and polishes 

8. bitumen 

making roads 

 

Oil refinery in the lab: 

Heat the oil, it will start to evaporate. The 

lighter molecules evaporate first. The hot 

vapour rises, the thermometer reading 

rises too. The vapours condense in a cool 

test tube. Replace test tubes at 100°C, 150°C, 200°C and 300°C. 

Comparing the fractions: 

The larger the molecules are: 

-the higher the boiling point will be 

-the less volatile it will be 

-the more viscous it will be 

-the less flammable it will be 

After fractional distillation either 1) sulphur is removed because it is an impurity 2) fractions are separated into single 

compounds or 3) cracking 

Cracking: is a thermal decomposition reaction, in which an alkene (and sometimes hydrogen) is produced from an 

alkane. Cracking always produces a short chain compound with a C=C bond. Cracking of ethane will give ethene and 

hydrogen. 

In the lab it looks like this: 



 
Using a catalyst it is called catalytic cracking. Cracking helps you to make the best use of oil, it can get you more 

reactive compounds or more desirable chain lengths, for example cracking the naphtha fraction can give you pentane 

which is suitable for petrol. 

Name ending → compound-type name 

“ane” → alkane 

“ene” → alkene 

“ol” → alcohol 

“oic acid” → carboxylic acid 

“yl”, “oate” → ester  (as in ethyl ethanoate) 

Homologous series 

Homologous series: ‘family’ of similar compounds with similar properties due to the presence of the same functional 

group. 

Characteristics of a homologous series: 

-all the compounds fit the same general formula 

-the chain length increases by 1 each time 

-as the chain gets longer, the compounds show a gradual change in properties. 

Structural isomers: have the same chemical formula, but different structures, they can be straight or branched. 

Branched isomers have lower boiling points, because branches prevent molecules getting close = less attraction 

Branched isomers are less flammable 

Alkanes 

The alkanes are the simplest family of compounds. 

Alkanes are hydrocarbonds, they only contain hydrogen and carbon. 

They have the general formula C
n
H

2n+2 

1. Found in oil and natural gas (natural gas is methane mostly, but also ethane, propane, butane) 

2. First 4 are gases at RTP, next 12 are liquids, rest are solids 

3. Each Carbon atom has four single covalent bonds 

4. Reaction 1: They burn well in a good supply of oxygen, 

-combustion this can either be: 

 -complete: meaning there is enough oxygen supply so water and carbon dioxide form. 

 e.g. CH
4
 + 2O

2
 → CO

2
 + 2H

2
O 

OR 

 -incomplete: meaning there is not enough oxygen to burn them cleanly so either carbon monoxide 

and water or carbon and water form. 

5. Reaction 2: They react with chlorine in sunlight 

6. chlorine substitution: sunlight is necessary (or any light?). A chlorine atom replaces a hydrogen atom. This 

can happen to all of the hydrogen atoms if there is enough chlorine. 



e.g. CH
4
 + Cl

2
 → (light) → HCl + CH

3
Cl / CH

2
Cl

2
 / CHCl

3
 / CCl

4
              these compounds are 

called chloromethane / dichloromethane / trichloromethane / tetrachloromethane 

Alkenes 

They have the general formula: C
n
H

2n
 

Functional group is the C=C bond 

Cracking: is a thermal decomposition reaction, in which an alkene (and sometimes hydrogen) are produced from an 

alkane. Cracking always produces a short chain compound with a C=C bond. Cracking of ethane will give ethene and 

hydrogen. 

In the lab it looks like this: 

 
Saturated hydrocarbons: 

-have NO double bonds 

-do not react with aqueous bromine, so the mixture stays orange. 

Unsaturated hydrocarbons: 

-have double bonds 

-react with aqueous bromine, turning the mixture from orange to colourless. 

Poly(ethene) / Polythene: is a polymer produced from ethene by addition polymerisation. A polymer is a compound 

with very long carbon chains made up of monomer units. 

 
Alkenes’ Addition Reactions: 

-with bromine: (the test for saturation) 

 e.g. ethene (g) + bromine (aq) → 1,2-dibromomethane (l) 

-with steam: forms alcohols with heat, pressure and a catalyst  

e.g. ethene (g) + steam (g) ⇌ ethanol (l) 

-with hydrogen: double bond breaks down to for an alkane with heat, pressure and a catalyst 

e.g. ethene (g) + hydrogen (g) → ethane (g) 



Alkenes are much more reactive than alkanes, because the double bond can break to form single bonds 

Alkenes are highly flammable 

Alcohols 

Alcohols have the general formula C
n
H

2n+1
OH 

Functional group is the OH group 

Ethanol can be formed in to ways: 

1) By fermentation: enzymes in yeast break down glucose (a simple sugar) to ethanol and carbon dioxide, giving out 

heat (exothermic). This can be done with any substance that contains cellulose, starch or glucose. It is done by 

grinding the source (e.g. corn or grapes) and treating it with enzymes to break down cellulose and starch into glucose. 

Leave it to ferment. Fractional distillation is used to get the ethanol from the mixture of substances. 

2) Ethene is obtained by cracking long-chain alkenes from oil. The ethene reacts with steam (reversibly) in the following 

conditions: 570°C, 60-70atm and a catalyst (phosphoric acid). Low temperature gives a better yield, but high 

temperature is used to give a better rate of reaction. 

*They can be compared like this (in the syllabus it says “describe” so I don’t know how much they want you to know): 

Fermentation From ethene 

Advantages: 

-renewable source 

-good use of waste organic material (e.g. the apples 

which don’t look nice enough to be sold in shops.) 

Advantages: 

-fast 

-continuous process 

-pure ethanol 

-smaller containers 

Disadvantages: 

-Lots of material needed to produce just 1 litre of ethanol 

so lots of big fermentation tanks needed. 

-Fractional distillation is expensive 

-Slow process 

-Batch process 

Disadvantages: 

-oil is a non-renewable resource 

-lots of energy to make steam and get the right conditions 

-a lot of ethene is un-reacted, (and then recycled) 

Ethanol burns well in oxygen, giving out plenty of heat, as well as carbon dioxide and water. 

Ethanol is used as a: 

-solvent: to dissolve the things than water cannot. It evaporates easily, so it is used a solvent in glues, printing inks, 

perfumes and aftershave. 

-fuel: added to or instead of petrol, because it burns cleanly 

-also to make esters, alcoholic drinks, 

Ethanol can be dehydrated to ethane using Aluminium (II) oxide and heat 

Ethanol is miscible –mixes completely with water 

When oxidised alcohol form carboxylic acids 

Alcoholic drinks affect coordination and judgement, make you aggressive, depression and cirrhosis, high blood 

pressure, cancers, brain damage etc. 

Carboxylic acids and esters 

Carboxlic acids have the carboxylic functional group COOH 

General formula C
n
H

2n+1
COOH 

Formation of ethanoic acid: 

-oxidation of ethanol 

-with acidified potassium mangenate (VII) 

Ethanoic acid is a typical weak acid: it has a high (as in closer to 7 than 1) pH for an acid, and only dissociates a little 

bit. 

Carboxylic acids react with bases to form salts e.g. CH
3
COONa 

Carboxylic acids react with alcohols to give esters, in a condensation reaction, for example: 

Ethanoic acid + ethanol ⇌ ethyl ethanoate + water (the alcohol’s name becomes “-yl” part and the carboxylic acid’s 

name becomes the “-oate” part. 



 

Esters have the ester link (COO), they are found in: 

1) tastes and smells of fruit and vegetables 

2) oils and fats from plants and animals 

3) Artificial esters are used in industry, for tastes in ice cream, foods, and soft drinks and for smell in soaps, shampoos 

and perfumes 

Chapter 18 notes 

A polymer is any substance containing very large molecules, formed lots of small molecules join together. 

Monomers are the small molecules which join together to form much larger molecules called macromolecules. 

A polymer is a substance made of macromolecules, there are 2 types of polymer: 

A synthetic polymer is a polymer made in a factory (e.g. Nylon, Lycra, Chewing gum, Polystyrene, Hair gel), a natural 

polymer is umm... natural 

A polymerisation reaction, thousands of small molecules join to give macromolecules. The product is a polymer. 

There are 2 types of polymerisation reaction: 

1. Addition polymerisation: double bonds in molecules break and the molecules add on to each other. There 

are always double bonds in the monomers in an addition reaction. 

 

2. Condensation reaction: two different monomers join; double bonds do not break. Instead, the monomers 

join by eliminating small molecules. 

Addition polymers: 

• As they are inert, they are non-biodegradable. 

• Polyalkenes are inert, although can burn. 

• Catalysts are used for the polymerisation, and the exact mechanism depends on the catalyst and alkene (it is 

not electrophilic addition – it is usually catalytic addition). 

Condensation polymers: 

• Two different monomers join in a condensation reaction to eliminate small molecules 

• Many natural polymers are condensation polymers, e.g. silk, starch and DNA. 

• The two main types are polyesters and polyamides. 

Polyesters: 

• Esters are formed on reaction between carboxylic acids and alcohols. 

• Polyesters are formed when dicarboxylic acids react with diols. 



• Polyesters are hydrolysed (in the presence of strong acid or a specific enzyme) into their constituent acid and 

alcohol, so they are bio-degradable . 

 

Polyamide: 

• Amides are formed on reaction between carboxylic acids and amines. 

• Polyamides are formed when dicarboxylic acids react with diamines. 

• Polyamides are hydrolysed (in the presence of strong acid or a specific enzyme), so they are bio-degradable. 

Making nylon - the 2 monomers are: 

 

They are represented using blocks as only the functional groups take part in the reaction.  

 

No double bonds break – single bonds break and new ones form. Hydrogen chloride is eliminated. 

 

Making terylene – a polyester; the 2 monomers are: 



 

Only the functional groups take place in the reaction, (the acid and the alcohol groups) 

 

The monomers join by eliminating a water molecule. 

 

Plastics – synthetic polymers. Plastic means can be moulded into shape without breaking. The properties of plastics 

are: 

1. do not usually conduct electricity or heat 

2. are unreactive, most are not affected by air, water, acids or other chemicals = good for storage 

3. usually light to carry 

4. don’t break when you drop them 

5. are strong – their long molecules are attracted to each other = hard to tear 

6. do not catch fire easily although when heated they soften and melt and some char 

Changing properties: changing reactions are changed, or mixing other chemicals 

High density on the left below (50°C, 3 or 4 atm, and a catalyst) and low density (200°C, 2000atm, oxygen) polythene: 



 

Uses of plastics: 

Polymer Example of uses 

polythene plastic bags and gloves, clingfilm (low density), mugs, 

bowls, chairs, dustbins (high density) 

polychloroethane (PVC) water pipes, wellingtons, hoses, covering for electricity 

cables 

polypropene crates, ropes 

polystyrene used as expanded polystyrene in fast-food cartons, 

packaging, and insulation for roofs and walls 

Teflon coated on frying pans to make them non-stick, fabric 

protector, windscreen wipers, flooring 

nylon ropes, fishing nets and lines, tents, curtains 

Terylene clothing (especially mixed with cotton), thread 

Pollution problems from plastics: 

-choke birds, fish and other animals that try to eat them. Or they fill up the animals’ stomachs so that they can’t eat 

proper food, and starve to death. 

-they clog up drains and sewers and cause flooding. 

-they collect in rivers, and get in the way of fish. Some river beds now contain a thick layer of plastic 

-they blow into trees and onto beaches. So the place looks a mess. Tourists become put off. 

 

Solutions: 

1. Recycling: 

a. some are melted down and made into new plastic bags, and things like soles for shoes and fleeces 

b. some are melted and their long chains cracked, to make small molecules that can be polymerized into new plastics 

c. some are burned to make electricity 

2. Degradable plastics 

a. biodegradable: contains additives such as starch that bacteria can feed on 

b. photodegradable: additives that break down in sunlight 

3. Bio-polymers: are renewable and biodegradable. They are grown inside plants or by bacteria living in tanks 

Macromolecules in food: 



Carbohydrates: cellulose, starch, glycogen and simple sugars. They contain only carbon, hydrogen and oxygen.  

Plants turn glucose into starch and cellulose by polymerisation 

1. A glucose molecule is represented like this: 

 

2. Two glucose molecules join to form a disaccharide (maltose) 

 

3. When many glucose molecules join to give starch, a polysaccharide, a complex carbohydrate 

 

Starch: is found in rice, wheat, millet, maize, pasta and bread. 

Cellulose is a polysaccharide, but the glucose units are joined differently. Cell walls are made of cellulose. It is 

indigestible. It is called fibre. It is found in cereals, vegetables and fruit. 

Glycogen: is another carbohydrate used for storage in humans. 

Proteins are made up of amino acids. Amino acids contain carbon, hydrogen, oxygen, nitrogen and sometimes 

sulphur. 

An amino acid is a carboxylic acid with an amino (NH
2
) group. 

 

Amino acids join together in a condensation polymerisation. 



 

Proteins are needed for: 

1. making enzymes 

2. making collagen for skin, bones and teeth 

3. making keratin for hair 

4. making haemoglobin 

5. making hormones 

Proteins are found in: fish, cheese, yoghurt, milk, eggs, soya beans etc. 

Fats and oils: are esters, meaning they are formed from an alcohol (glycerol aka propan-1,2,3-triol) and an acid (fatty 

acids). Some examples of fatty acids are palmitic acid. 

How fats are formed: 

 



Fats are found in meat, oily fish, butter, cheese, cream, nut and seeds etc. It is used for energy, combined into new fats 

to make the cell membranes of cell, some cells store fat droplets for insulation. Unsaturated fats are runny and have a 

carbon-carbon double bond are healthier than hard, saturated fats found in meat and cheese, that cause heart disease. 

In digestion, the macromolecules are broken down again by reacting with water. This is called hydrolysis. 

Hydrolysis: a reaction in which molecules are broken down by reaction with water: 

starch → glucose 

proteins → amino acids 

fats → fatty acids and glycerol 

Enzymes are used to break down the macromolecules in digestion. Enzymes are proteins and biological catalysts. 

In the lab, unless you have enzymes, you have to boil the complex carbohydrate (or proteins or fats) in acid. 

But if hydrolysis is not complete, the macromolecules are not completely broken down. So you get a mixture of 

molecules of different sizes for example for starch you get, glucose, maltose (2 glucose units) and maltotriose (3 

glucose units). Chromatography can be used to identify the products and the substances. However, amino acids and 

sugars are colourless when dissolved in water, so a locating agent is used. The substances can be identified using the 

R
f
 values or by matching them with spots which are horizontal. 

 


