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Nitrogen gas 
Nitrogen, a non-metallic element in Group 15, makes up 78% of 

Earth's atmosphere. It exists as diatomic molecules, N2, and is 

unreactive in air. Nitrogen gas's lack of reactivity is due to its 

electronic configuration, which requires a triple covalent bond. 

 

The triple covalent bond is very strong; its bond energy is almost 1000 

kJmol−1. It is difficult to break and so nitrogen gas will only react under 

extreme conditions.  

 

Lightning provides the activation energy needed for this reaction to 

occur 

 
The nitrogen (II) oxide formed is further oxidised by 

oxygen in the air to give nitrogen (IV) oxide, NO2. 

 
Nitrogen (IV) oxide dissolves in water droplets and forms nitric acid, which falls to earth in rain. This is a vital part of 

the natural nitrogen cycle: 

 

Ammonia and ammonium compounds 

Ammonia is a very important compound of nitrogen. It is an 

alkaline gas whose formula is NH3. In industry it is 

made on a large scale in the Haber process. 

 
You have also learnt that nitrogen’s lone pair can be donated to an H+ ion from an acid, forming a co-ordinate (or 

dative) covalent bond (see page 53). Ammonia is acting as a base in this reaction (because it is accepting an H+ ion): 

 
Ammonium chloride and calcium hydroxide, both in the solid state, are usually mixed then heated (see the apparatus 

in Figure 13.5). 
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Uses of ammonia and ammonium compounds 

The major nitrogen-based fertiliser is ammonium 

nitrate, NH4NO3. This is manufactured from ammonia 

and nitric acid: 

 
The nitric acid used to make ammonium nitrate is 

itself made from ammonia in another chemical process. 

Fertiliser factories making ammonium nitrate often have 

three plants side by side, making: 

■ Ammonia in the Haber process 

■ Nitric acid from ammonia 

■ Ammonium nitrate from nitric acid and ammonia. 

 

Concentrated nitric acid is utilized in explosive production, detergents, 

paints, pigments, dyes, and nylon manufacturing, with about 10% of 

ammonium nitrate used for explosives. 

 Environmental problems caused by 
nitrogen compounds 
Nitrate fertilisers 

Nitrogen-based fertilizers, primarily ammonium nitrate and potassium 

nitrate, are soluble in water, causing environmental issues. Rainwater 

leaches nitrates into groundwater, leading to water plant growth in 

rivers and lakes, and algae growth, causing eutrophication. 

 

■ A bloom of algae can spread across the surface, blocking out the light 

for other plant life in the water. 

■ When the plants and algae die, bacteria in the water feed on them, 

decomposing the plant material. 

■ The bacteria multiply rapidly with so much food available, using up 

the dissolved oxygen in the water. 

■ Fish extract dissolved oxygen from water, taken in through their gills. Without this dissolved oxygen they die, 

affecting the whole ecosystem. 

Nitrogen oxides in the atmosphere 

This chapter discusses the unreactive nature of nitrogen gas, which can be oxidized by lightning in extreme 

thunderstorm conditions. This reaction results in the formation of gaseous nitrogen oxides, such as nitrogen (II) oxide 

and nitrogen (IV) oxide, which can be found in car engines' cylinders. 

 

The reactions below show the catalytic activity of the nitrogen oxides: 
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Then NO2 is regenerated as NO reacts with oxygen in the air: 

 
NO2 catalyzes the oxidation of sulfur dioxide, reducing pollutants in motor vehicles. Catalytic converters in car exhaust 

systems reduce nitrogen oxides to harmless nitrogen gas, released from the vehicle's exhaust pipe. 

 

Sulfur and its oxides 

We have just seen how sulfur dioxide in the atmosphere can be oxidised by 

nitrogen(IV) oxide to form sulfur(VI) 

oxide (also known as sulfur trioxide). This reacts with water to form sulfuric 

acid, which is the main cause of 

acid rain. 

 
Acid rain has harmful effects on: 

■ Plants (especially trees) 

■ Rivers, streams and lakes (and the fish and other animals in these habitats) 

■ Buildings, statues (Figure 13.8) and metal structures. 

Sulfuric acid 

Sulfuric (VI) acid, H2SO4, is a crucial chemical used in various industries, including fertilizers, detergents, paints, 

pigments, dyes, synthetic fibers, chemicals, plastics, car batteries, tanning leather, and metal surface cleaning. 

Countries like Poland and the USA export sulfur, while impurities from fossil fuels can also be used in the Contact 

process. 

 

Chapter 14 - Introduction to organic chemistry 
Representing organic molecules 

Figure 14.2 shows two types of three-

dimensional (3D) diagram representing 

a selection of organic 

molecules. hydrocarbons.  

 

Hydrocarbons are compounds of 

carbon and hydrogen only. The colours 

used in the modelling of molecules are 

shown in Table 14.1. 
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The empirical formula gives us the least detail. It tells us the simplest ratio of the different types of atoms present in 

the molecule. We can calculate empirical formulae from experimental data on the mass of each element, and hence 

the number of moles of each element, in a sample of a compound. 

 

The molecular formula shows us the actual numbers of each type of atom in a molecule. To find this we need to 

know the relative molecular mass of the compound. The relative molecular mass of propene is 42. 

 

Chemists can give more detail about a molecule by giving its 

structural formula. This tells us about the atoms 

bonded to each carbon atom in the molecule. 

 

However, all the bonds within a molecule are shown in its 

displayed formula. We can think of this representation as a 2D, 

or flattened, version of the ‘ball- and-stick’ models shown in 

Figure 14.2. The displayed formula of propene is shown in 

Figure 14.3. 

 

A simplified version of the displayed formula is called the 

skeletal formula. It has all the symbols for carbon 

and hydrogen atoms removed, as well as the carbon to 

hydrogen bonds. The carbon to carbon bonds are left in 

place. Figure 14.4 shows the skeletal formula of propene. 

 

The displayed and skeletal formulae of an alcohol called 

butan-2-ol are shown in Figure 14.5. Notice that the 

H atom in an OH group is included in a skeletal formula. 

 

The ‘zig-zag’ in the carbon chain shown in a skeletal 

formula can be seen in the 3D representations of 

hydrocarbons in Figure 14.2. You will see more detailed 

3D displayed formulae later in this chapter, when we 

look at optical isomers (see page 195). Figure 14.6 shows 

the 3D displayed formula of butan-2-ol. 

 

With complex molecules, chemists sometimes find it 

useful to combine structural and skeletal formulae when 

representing a molecule. The molecule of cholesterol 

shown in Figure 14.7 is one such example. 
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Functional groups 

Within a class of compounds all the compounds consist of 

molecules with a particular atom, or grouping of atoms, 

called a functional group.  

 

chemical properties of the compounds that contain that 

specific functional group. 

The functional group in an alkene is the C= C double bond. 

The functional group in a carboxylic acid is the 

-----COOH group. 

 

The general formula of the class of compounds is given in 

Table 14.2. 

Naming organic compounds 

Chemists have a system of naming organic compounds that 

can be applied consistently. This means that they can 

communicate with each other clearly when referring to 

organic compounds. 

 

The stem of each name indicates how many carbon atoms are in the longest chain in one molecule of the compound. 

 

Table 14.3 shows the names of the first ten alkanes and the stems used in naming other molecules. 
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The numbering starts at the end that produces the lowest 

possible numbers in the name (Figure 14.8). 

 

If there is more than one of the same alkyl side-chain or 

functional group. we indicate how many by inserting di (for two), 

tri (for three) or tetra (for four) in front of its name. Figure 14.9 

shows an example. 

 

If there is more than one type of alkyl side-chain, they are listed in the name in alphabetical order (Figure 14.10). 

The alkyl groups appear in its name in alphabetical order. 

 

 
Table 14.2 lists compounds with common functional groups and uses 

a numbering system to indicate their position in a molecule. 

Examples include carboxylic acids and aldehydes. Aryl compounds, 

which contain at least one benzene ring, have six carbon atoms 

arranged in a hexagon. 

 

At A level, alkyl groups bonded to a benzene ring do not require a 

number in the name, but with two or more, they must be 

indicated. 

Bonding in organic molecules 

The ability of a carbon atom to bond to other carbon 

atoms, and the shapes of the molecules formed, can be 

explained by looking closely at the bonding involved. 

Sigma (σ) bonds 

By forming single covalent bonds with four other atoms, a carbon atom can 

gain the electronic configuration of the noble gas neon. These single 

covalent bonds are known as sigma (σ) bonds. 

 

The electron pair in a σ bond is located in a lobe between 

atoms, bonding them through electrostatic attraction. In 

organic compounds, each carbon atom forms four σ bonds, 

repelling each other and forming a tetrahedral arrangement with 

a 109.5° bond angle. 
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Pi (π) bonds 

Carbon can also form double bonds between its atoms in organic 

molecules, as well as forming single bonds. A C= C double bond, as found 

in alkenes such as ethene, is made up of a σ bond and a pi (π) bond. 

 

The two lobes that make up the π bond lie above and below the plane of 

the atoms in an ethene molecule. 

Structural isomerism 

We have seen how a compound’s molecular formula tells us the number 

and type of each atom in one molecule of the compound. However, for a given molecular formula there may be 

different ways of arranging these atoms. 

 

Such compounds with the same molecular formula but different 

structural formulae are called structural isomers. 

 

There are three types of structural isomerism: 

1 position isomerism 

2 functional group isomerism 

3 chain isomerism. 

1 Position isomerism 

In position isomerism, it is the position of the functional group 

that varies in each isomer.  

 

You need to take care when drawing the structural or 

displayed formula of different isomers not to repeat the 

same structure. Remember that there is free rotation 

about C= C single bonds. 

 

2 Functional group isomerism 

In functional group isomerism there are different functional 

groups present. For example, given the molecular formula 

C3H8O we can draw both an alcohol and an ether (Figure 

14.17). 

 

These two isomers have different functional groups and so 

have very different chemical properties. 
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3 Chain isomerism 

Chain isomers differ in the structure of their carbon ‘skeleton’. 

For example, butane and methylpropane are 

chain isomers, both with the molecular formula of C4H10 

(Figure 14.18). 

Stereoisomerism 

In stereoisomerism we have compounds whose molecules have the same atoms bonded to each other but with 

different arrangements of the atoms in space. 

 

There are two types of stereoisomerism: 

1 cis–trans isomerism 

2 optical isomerism. 

1 Cis–trans isomerism 

Unlike a C =C single bond, there is no free rotation about a 

C= C double bond. This results in the possibility of a different 

type of isomerism in unsaturated organic compounds. Figure 

14.19 gives an example. 

 

Cis-1,2-dibromoethene and trans-1,2-dibromoethene are 

stereoisomers with different arrangements of atoms in space, 

resulting in different compounds with different physical 

properties and chemical properties. These structures can be 

observed in unsaturated compounds, as shown in Figure 

14.20. 

2 Optical isomerism 

The two different molecules are mirror images of each other 

and cannot be superimposed (Figure 14.21). The carbon 

atom with the four different groups attached is called the 

chiral centre of the molecule. 

Organic reactions – mechanisms 

Chemists find it useful to explain organic reactions by 

summarising the overall reaction in a series of steps 

called a reaction mechanism. 

 

There are two ways in which covalent bonds can break: 

■■ homolytic fission 

■■ heterolytic fission. 
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Homolytic fission 

In this type of bond breaking, both the atoms at each end of the bond leave with one electron from the pair that 

formed the covalent bond. This is shown in Figure 14.22, using the simple example of a hydrogen chloride molecule. 

 
The species produced when a bond breaks homolytically are called free radicals. We can show the formation of free 

radicals by using an equation: 

 

 
 

You can read more about a free-radical reaction on page 207. 

■■ This type of reaction involves the formation of the free radicals in an initiation step. This requires an input 

of energy to break a covalent bond, resulting in two free radicals. 

 

■■ The radicals formed can then attack reactant molecules, generating more free radicals. These reactions are called 

propagation steps. They can be thought of as a chain reaction, which only stops when free radicals react with 

each other. 

 

■■ Two free radicals reacting together will form a molecule, with no free radicals generated. Therefore this is called a 

termination step. 

Heterolytic fission 

The second type of bond breaking involves the ‘uneven’ 

breaking of a covalent bond. In heterolytic fission the 

more electronegative atom takes both the electrons in the 

covalent bond. 

 

We can show this type of bond breaking in an equation. 

 

A small curly arrow shows the movement of a pair of electrons: 

 
The heterolytic fission of a bond can involve a C X bond, where X is an atom more electronegative than carbon. 
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This leaves the methyl group one electron short, resulting 

in the formation of a positively charged ion. This type of 

alkyl ion is called a carbocation. 

 

We say that the electron-donating nature of alkyl groups 

has a positive inductive effect on adjacent groups. 

Therefore, in carbocations the more alkyl groups attached 

to the positively charged carbon, the less the charge 

density is on the carbon atom with the three covalent 

bonds. 

 

So when carbocations are formed as intermediates 

in reactions, the tertiary carbocation is most likely to form 

as its positive charge is, in effect, ‘smeared’ over the C+ 

atom and the three carbon atoms it is bonded to. 

Carbocations are an example of a species called 

an electrophile. 

 
You will also meet nucleophiles when studying organic reactions. These are electron-rich species, i.e. they carry a 

negative, or partial negative, charge. 

 

Types of organic reaction 

Addition reactions involve the formation of a single product from two reactant molecules. 

 
Elimination reactions result in the removal of a small molecule from a larger one. An example is the dehydration 

of an alcohol by concentrated sulfuric acid 

 
Substitution reactions involve the replacement of one atom, or a group of atoms, by another.  

 
Hydrolysis is the breakdown of a molecule by water. This type of reaction is often speeded up by acid or alkali. 

 
Hydrolysis with alkali is faster, and gives slightly different products: 
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Oxidation is defined as the loss of electrons from a species. However, in organic reactions it is often simpler to think 

of oxidation reactions in terms of the number of oxygen and/or hydrogen atoms before and after a reaction. 

 
An example is the partial oxidation of ethanol to ethanal using acidified potassium dichromate(VI) solution, 

 
■■ before the reaction ethanol contains one O atom and six H atoms 

■■ after the reaction ethanal contains one O atom and four H atoms. 

 

Ethanol loses two H atoms, indicating oxidation. The chemical equation for oxidation reactions is simplified using [O], 

but must be balanced. This is illustrated in the complete ethanol to ethanoic acid oxidation. 

 
[O] represents an oxygen atom from the oxidising agent. 

 

The 2 in front of the [O] is needed to balance the equation for oxygen atoms. 

Reduction is the chemical opposite of oxidation. 

 
Notice the use of [H] to simplify the chemical equation used to describe reduction reactions. [H] represents a 

hydrogen atom from the reducing agent. The 2 in front of the [H] is necessary to balance the equation for 

hydrogen atoms. 
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Revision questions 
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