
2.4 Module 4: Resources

The emphasis here is on the application of chemical facts and principles to processes occurring in
the environment and to the difficulties in providing solutions to pollution. lt is important that
candidates should appreciate this aspect, bearing in mind the increasing concern, both national
and international, for protecting the environment and promoting 'Green Chemistry'.

2.4.1 Chemistry of the Air

. the'GreenhouseEffect';

. the ozone layer;

. controllingpollution.

2.4.2 Green Chemistry

. sustainability.

Links

AS Unit F322: Chains, Energy and Resources

. 2.1.2 Alkanes (radicals, combustion of fuels)

. 2.2.2 Halogenoalkanes (CFCs)

. 2.2.3 Modern Analytical Techniques

. 2.3.2 Rates and Equilibrium (reversible reactions; catalysts)

2.4.'1 Chemistry of the Air

Context and exemplification Assessable learning outcomes

The 'Greenhouse Effect' Candidates should be able to:

(a) explain that infrared radiation is absorbed by

How Science Works Ta, Tc: C=O, O-H and C-H bonds in HzO, COz and

. corecting data to confirm whether or not 3,1;;llx:ffilI"t" 
absorptions contribute to

climate change is occurring; monitoring
measures to abate the change; moOeliing 169 (b) explain that the 'Greenhouse Effect' of a

potential damage. " given Eas is dependent both on its
atmospheric concentration and its ability to
absorb infrared radiation;

(c) outline the importance of controlling global
warming resulting from atmospheric
increases in greenhouse gases;

(d) outline the role of chemists in minimising
climate change resulting from globalwarming
by:
(i) providing scientific evidence to

governments to verify that global
warming is taking place,

(ii) investigating solutions to environmental
problems, such as carbon capture and
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The ozone layer

How Science Works 6a, 6b:
. Benefits of use of CFCs and consequent

breakdown of ozone layer.

. No specific equations will be required beyond
this simple representation of this catalysis.

storage, CCS, ie the removal of waste
carbon dioxide as a liquid injected deep
in the oceans, storage in deep
geological formations, by reaction with
metal oxides to form stable carbonate
minerals,

(iii) monitoring progress against initiatives
such as the Kyoto protocol;

(e) explain that ozone is continuously being
formed and broken down in the stratosphere
by the action of ultraviolet radiation;

(f) using the chemical equilibrium, below:

02+Q=9.
(i) describe and explain how the

concentration of ozone is maintained in
the ozone layer, including the role of
ultraviolet radiation,

(ii) outline the role of ozone in the
absorption of harmful ultraviolet
radiation and the essential benefit of
this process for life on Earth;

(g) understand that radicals, eg from CFCs, and
NO* from thunderstorms or aircraft, may
catalyse the breakdown of ozone by the
following simple representation:

R+O:--+RO+Oz
RO+O,+R+Oz

where R represents Cl'from a CFC or NO
from nitrogen oxides;

(h) for carbon monoxide, oxides of nitrogen and
unburnt hydrocarbons:
(i) explain their formation from the internal

combustion engine,

(ii) state environmental concerns from their
toxicity and contribution to low-level
ozone and photochemical smog;

(i) outline how a catalytic converter decreases
carbon monoxide and nitrogen monoxide
emissions from internal combustion engines
by:
(i) adsorption of CO and l.lO to the catalyst

surface,

(ii) chemical reaction,

(iii) desorption of COz and N2 from the
catalyst surface;

fi) outline the use of infrared spectroscopy in
monitoring air pollution.
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Controlling air pollution

. No details are required of the chemical
processes involved in formation of
photochemical smog.

. Candidates should understand that bonding to
the catalyst surface must be weak enough for
adsorption and desorption to take place but
strong enough to weaken bonds and allow
reaction to take place.
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2.4.2 Green Chemistry

How Science Works 6a, 6b, 7c:

. The use of context case studies such as those below to demonstrate current principles of
chemical sustainability, desirability of such processes economically and environmentally;
appreciation that legislation may be required to enforce environmentally desirable processes;

the inbuilt desirability from within the chemical community to clean up their act.

Context and exemplification Assessable learning outcomes

Sustainability
Examples for (a) (not examinable):

. Lead has largely been eliminated from use in
petrol, paints and electrical components.

. New foams such as Pyrocool@ FEF have
been invented to put out fires effectively
without producing the toxic or ozone-depleting
waste products found in other halogenated
fire-fi ghting materials.

. Solvent-free reactions, ie use of reagent as
solvent.

' For dry cleaning, liquid 'supercritic"l' COz con
be used as a safer solvent than chlorinated
hydrocarbons.

. Fossil fuels are being replaced or
supplemented by renewable fuels, such as
biodiesel, alcohol and fuel cells.

. lncreased use of recycling of manufactured
materials such as plastics, glass and metals.

Examples for (b) (not examinable):

. Production of biodiesel uses grain crops and
land needed for food, with poorer countries
being worse affected.

Examples for (c) (not examinable):
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Candidates should be able to:

(a) describe principles of chemical sustainability:
(i) using industrial processes that reduce

or eliminate hazardous chemicals and
which involve the use of fewer
chemicals,

(ii) designing processes with a high atom
economy that minimise the production
of waste materials,

(iii) using renewable resources such as
plant-based substances,

(iv) seeking alternative energy sources
such as solar energy, rather than
consuming finite resources such as
fossil fuels that will eventually be
exhausted,

(v) ensuring that any waste products
produced are non-toxic, and can be
recycled or biodegraded by being
broken down into harmless substances
in the environment;

(b) explain that the apparent benefits may be
offset by unexpected and detrimental side-
effects;

a Montreal Protocol on Substances that Deplete (c) explain the importance of establishing

the ozone Layer. international cooperation to promote the

Grobal rreaty on persistent organic reduction of pollution levels;

pollutants. " (d) discuss issues of sustainability in contexts

Rio Declaration on Environment and based on the principles in a-c;

Development.

a

a
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(a.) Demonstrate and apply knowledge and understanding of the application of IUPAC rules of 
nomenclature for systematically naming organic compounds. 

● The IUPAC system for naming compounds was invented as an international language for chemistry. 
● To work it out firstly count the number of carbon atoms in the longest 

continuous chain. 
● The main functional group of the molecule tells you what homologous 

series the molecule is in. 
● If there’s more than one longest chain, pick the one with the most side 

chains. 
● Any side chains are added alphabetically after the number of the carbon 

atom it is attached to. 
● If there is more than one identical side chain or functional group, use di-, 

tri- and tetra-. 
 
 

Homologous Series Functional group prefix/suffix example 

Alkanes - -ane propane 

Alkenes  

 

-ene ethene 

Haloalkanes  

 

E.g chloro- 1-chloropropane 

Alcohols  

 

-ol ethanol 

Aldehydes  

 

-al propanal 

Ketones  

 

-one butanone 

Carboxylic acids  

 

-oic acid Ethanoic acid 

 



(b.) Demonstrate and apply knowledge and understanding of the interpretation and use of the terms: 
(i) general formula 

- An algebraic formula that can describe any member of a family of compounds (e.g CnH2n+1) 
(ii) structural formula  

- Shows the arrangement of atoms carbon by carbon, with the attached hydrogens and functional groups 
(e.g. CH3CH2CH2OH) 
(iii) displayed formula 

- Shows how all the atoms are arranged, and all the bonds between them (e.g  ) 
(iv) skeletal formula  

- Shows the bonds of the carbon skeleton only, with any functional groups. The hydrogen and carbon 

atoms aren’t shown. (e.g.  ) 
 
(c.) Demonstrate and apply knowledge and  understanding of the interpretation of the terms: 

(i) homologous series 
- A series of organic compounds having the same functional group but with each successive member 

differing by CH2 

(ii) functional groups 
- A group of atoms responsible for the characteristic reactions of a compound. 

(iii) alkyl group 
- A fragment of a molecule with general formula CnH2n+1 that forms when a hydrogen is missing from an 

alkane compound. 
(iv) aliphatic 

- A compound containing carbon and hydrogen joined together in straight chains, branched chains or 
non-aromatic rings. 
(v) alicyclic 

- An aliphatic compound arranged in non-aromatic rings with or without side chains. 
(vi) aromatic 

- A compound containing a benzene ring 
(vii) saturated and unsaturated 

- Saturated = single C-C bonds only. 
- Unsaturated = multiple C-C bonds, including C=C, C☰C and aromatic rings. 

 
(d.) Demonstrate and apply knowledge and understanding of the use of the general formula of a 
homologous series to predict the formula of any member of the series. 

- Homologous series = a bunch of organic compounds that have the same functional group and 
general formula. 

- Consecutive members differ by -CH2- 
 
(e.) Demonstrate and apply knowledge and understanding of the explanation of the term structural 
isomers (compounds with the same molecular formula but different structural formula) and 
determination of possible structural formulae of an organic molecule, given its molecular formula. 

- Structural Isomers = compounds with the same molecular formula but different structural formula. 
→  Chain Isomers = the carbon skeleton can be arranged differently (straight chain or branched). These 
isomers have similar chemical properties but their physical properties, such as boiling point, will be different 
because of the change in shape of the molecule. 
→   Positional Isomers = the skeleton and the functional group could be the same, only with the functional 
group attached to a different carbon atom. These also have different physical properties and the chemical 
properties might be different too. 
→  Functional Group Isomers = the same atoms can be arranged into different functional groups. These 
have very different physical and chemical properties. 
 

 



(f.) Demonstrate and apply knowledge and understanding of the different types of covalent bond 
fission: 

(i) homolytic fission (in terms of each bonding atom receiving one electron from the bonded 
pair forming two radicals). 

- In homolytic fission, the bond breaks evenly and each bonding atom receives one electron from the 
bonded pair. 

- Two electrically uncharged ‘radicals’ are formed. 
(ii) heterolytic fission (in terms of one bonding atom receiving both electrons from the bonded 
pair). 

- In heterolytic fission, the bond breaks unevenly with the one of the bonded atoms receiving both 
electrons from the bonded pair. 

- Two different substances are formed - a positively charged cation (X+) and a negatively charged anion 
(X-) 

 
(g.) Demonstrate and apply knowledge and understanding of the term radical (a species with an 
unpaired electron) and use of ‘dots’ to represent species that are radicals in mechanisms. 

- Radicals = particles that have an unpaired electron 
- They are shown in mechanisms by a big dot next to the molecular formula (the dot represents an 

unpaired electron) 
- Because of the unpaired electron, radicals are very reactive. 

 
(h.) Demonstrate and apply knowledge and understanding of a ‘curly arrow’ described as the 
movement of an electron pair, showing either heterolytic fission or formation of a covalent bond. 

A single headed arrow shows the movement of one electron.  

A double headed arrow shows the movement of two electrons    
 
(i.) Demonstrate and apply knowledge and understanding of reaction mechanisms, using diagrams, to 
show clearly the movement of an electron pair with ‘curly arrows’ and relevant dipoles. 

 

 
 

 
 
(a.) Demonstrate and apply knowledge and understanding of alkanes as saturated hydrocarbons 
containing C-C and C-H bonds as 𝝈- bonds (overlap of orbitals directly between the bonding atoms); 
free rotation of the 𝝈- bond. 

● Alkanes have the general formula CnH2n+1 

● They only have carbon and hydrogen atoms. 
● Every carbon in the molecule has 4 single bonds with other atoms. 
● Alkanes are saturated (all the C-C bonds are single bonds) 

 



● In alkanes, the carbon 2s and 2p orbitals make 4 hybrid orbitals described as sp3 

● Two sp3 orbitals overlap to produce a C-C 𝝈- bond between the two atoms. 
● Then the remaining three sp3 orbitals on each atom overlap with 1s orbitals on 3 seperate hydrogens 

each to produce 3 C-H 𝝈- bonds. 
 
(b.) Demonstrate and apply knowledge and understanding of the explanation of the tetrahedral shape 
and bonding angle around each carbon atom in alkanes in terms of electron pair 
repulsion. 

● In an alkane, each carbon atom has 4 bonding pairs and no lone pairs. 
● The molecule forms a tetrahedral shape around each carbon with a bond angle of 

109.5° 
● The electron pairs are at maximum distance with minimum repulsion. 

 
(c.) Demonstrate and apply knowledge and understanding of the explanation of the variations in 
boiling points of alkanes with different carbon chain lengths and branching, in terms of induced 
dipole-dipole interactions (london forces). 

● The smallest alkanes, like methane, are gases at room temperature and pressure (they have low 
boiling points). 

● Larger alkanes are liquids (they have high boiling points). 
● Between alkane molecules there are induced dipole-dipole interactions which hold them together. 
● The longer the carbon chain, the stronger the london forces due to the increase in surface contact and 

electrons to interact. 
● As the molecules get longer, it takes more energy to overcome the induced dipole interactions and so 

the boiling point rises.  
● A branched alkane has a lower boiling point than its straight chain isomer. 
● Branched alkanes cannot pack closely together and they have smaller molecular surface areas, 

meaning the london forces are reduced. 
 
(d.) Demonstrate and apply knowledge and understanding of the low reactivity of alkanes with many 
reagents in terms of high bond enthalpy and very low bond polarity of the 𝝈- bonds present. 
Alkanes have a low reactivity with many reagents because: 

- All the covalent bonds in alkane molecules have high bond enthalpies (a lot of energy is required to 
break the bonds). 

- The C-H 𝝈- bonds have a very low bond polarity because the electronegativities of carbon and 
hydrogen are almost the same. 

 
(e.) Demonstrate and apply knowledge and understanding of the complete combustion of alkanes, as 
used in fuels, and the incomplete combustion of alkane fuels in a limited supply of oxygen with the 
resulting potential dangers from CO. 
Combustion = the rapid oxidation reaction which combines oxygen, usually from the air, 
with another substance. 
Complete Combustion 

● Where there is a plentiful supply of air, an alkane undergoes complete combustion. 
● This makes a clean, blue flame and transfers the maximum amount of thermal 

energy because it fully oxidises carbon and hydrogen (only carbon dioxide and water 
are produced). 

● A bunsen burner burns mainly methane. 
● When the air hole is open, there is a plentiful supply of oxygen and complete combustion occurs 

●  
Incomplete Combustion 

 



● Where there is a limited air supply, an alkane undergoes incomplete combustion. 
● This produces carbon molecules (soot) and makes a cooler, dirty yellow flame. Water 

and carbon dioxide gas are also produced, as is the colourless, odourless and toxic 
gas carbon monoxide (CO). 

● When the air hole is closed, there is a limited air supply and incomplete combustion 
occurs. 

● C
2H

6 + 2O
2
→    CO + C + 3H

2O 

 
(f.) Demonstrate and apply knowledge and understanding of the reaction of alkanes with chlorine and 
bromine by radical substitution using ultraviolet radiation, including a mechanism involving homolytic 
fission and radical reactions in terms of initiation, propagation and termination. 
 

  
 
(g.) Demonstrate and apply knowledge and understanding of the limitations of radical substitution in 
synthesis by the formation of a mixture of organic products, in terms of further substitution and 
reactions at different positions in the carbon chain. 

● During free radical substitution, you don’t only make one product, you make a mixture of products. 
● For example, if there is too much chlorine in the reaction mixture, by-products such as dichloromethane 

and trichloromethane can be made. 
● The best way of reducing these by-products forming is to have an excess of methane. This means 

there's a greater chance of a chlorine radical colliding only with a methane molecule.  
● Another problem with free radical substitution is that it can take place at any point in the carbon chain 

meaning a mixture of isomers can be formed. 
 

 
 
(a.) Demonstrate and apply knowledge and understanding of alkenes as unsaturated hydrocarbons 
containing C=C bond comprising a 𝜋-bond (sideways overlap of adjacent p-orbitals above and below 
the bonding C atoms) and 𝞼-bond (overlap of orbitals directly between the bonding atoms); restricted 
rotation of the 𝜋-bond. 

● Alkenes have general formula CnH2n. 
● Alkene molecules have at least one C=C double bond. Molecules with C=C bonds are unsaturated 

because they can make more bonds with extra atoms in addition reactions. 
● A C=C double bond is made up of a 𝞼-bond and 𝜋-bond. 

Sigma (𝝈) bonds: 
● Formed when two s-orbitals overlap. 
● The two s-orbitals overlap in a straight line head on giving it the highest 

possible electron density between the two nuclei. 

 



● The high electron density between the nuclei means there is a strong electrostatic attraction between 
the nuclei and the shared pair of electrons. This means that 𝞼-bonds have a high bond enthalpy. 

Pi (𝜋) bonds: 
● A pi bond is formed by the sideways overlap of two adjacent p-orbitals. 
● It has got 2 parts to it- one above and one below the molecular axis (due to the p-orbital having a 

dumbbell shape). 
● 𝜋-bonds are much weaker than 𝞼-bonds because the electron density is spread out above and below 

the nuclei. 
● This means that the electrostatic attraction between the nuclei and the shared pair of electrons is 

weaker meaning they have a low bond enthalpy. 
 
(b.) Demonstrate and apply knowledge and understanding of the explanation of trigonal planar shape 
and bond angle around each carbon in the C=C of alkenes in terms of electron pair repulsion. 
Each carbon atom in the molecule has 3 areas of electron density: 

- Two separate covalent bonds between the carbon atoms and two different 
hydrogen atoms (𝞼-bonds) 

- The covalent bonds between the two carbon atoms (𝞼-bond and 𝜋-bond). 
- Each of the electron densities repel the same amount forming bond angles of 

120°, which results in a trigonal planar shape. 
- 3 bonding pairs and no lone pairs. 

 
(c.) Demonstrate and apply knowledge and understanding of the explanation of the terms: 

(i) stereoisomers 
- Compounds with the same structural formula but with a different arrangement in space. 

    E/Z isomerism 
- An example of stereoisomerism, the restriction around the C=C bond allows E and Z isomers to be 

generated, two different groups have to be attached to each carbon of the C=C group. 
   Cis-trans isomerism 

- A special case of E/Z isomerism where the two different groups on the carbon atoms are the same. 
(ii) use of Cahn-Ingold-prelog (CIP) priority rules to identify the E and Z isomers 

- To name these compounds, chemists use the Cahn-Ingold-Prelog (CIP) rules. You can identify E and Z 
isomers using these steps: 

1. Locate the C=C double bond in the molecule and redraw it to show the substituents. 
2. Focus on one carbon and assign the priority of each substituent based on its relative atomic mass - the 

highest is given priority. Then assign priority on the second carbon. 
3. If the highest priority groups are on the same side of the C=C double dons, then the isomer is Z. If the 

highest priority groups are on different sides of the C=C double bond, the isomer is E. 
 
(d.) Demonstrate and apply knowledge and understanding of the determination of possible E/Z or 
cis-trans stereoisomers of an organic molecule, given its structural formula. 

 
 

 



(e.) Demonstrate and apply knowledge and understanding of the reactivity of alkenes in terms of the 
relatively low bond enthalpy of the pi-bond. 
Mean bond enthalpy = the average energy required for one mole of a given bond to undergo homolytic fission 
in gaseous state 
A 𝜋-bond requires less energy than a 𝞼-bond to undergo homolytic fission and is weaker. 
→ therefore, in alkene reactions, the 𝜋-bond will break first and react leaving the 𝞼-bond between the two 
carbon atoms. 
The double bonds is an area of high electron density which attracts electrophiles like Br2, HBr and NO2

+ 

Electrophile = an electron-pair acceptor 
 
(f.) Demonstrate and apply knowledge and understanding of the addition reactions of alkenes with: 

(i) hydrogen in the presence of a suitable catalyst, e.g. Ni, to form alkanes. 
● Hydrogenation is an addition reaction in which hydrogen is added to the C=C double bond. 
● At a temperature of 150℃ and using a suitable catalyst, like Nickel, gaseous hydrogen and an alkene 

are mixed. This saturates the alkene and an alkane is produced. 

 
(ii) halogens to form dihaloalkanes, including the use of bromine to detect the presence of C=C 
double bond as a test for unsaturation in a carbon chain. 

● Halogenation is an addition reaction in which a halogen is added across C=C bonds - the alkene 
becomes saturated and a dihaloalkane is produced. 

● The reaction can be used as a test for saturation. 
● When bromine or iodine solution is mixed with the saturated compound there is no reaction. However, 

when they are mixed with an unsaturated compound, decolorization results because an addition 
reaction occurs. 

 
(iii) hydrogen halides to form haloalkanes. 

● This is an addition reaction where a hydrogen halide is added across the C=C bond. This produces a 
haloalkane. 

● Haloalkanes are saturated organic compounds based on alkane chain skeletons. At least one 
hydrogen atom is replaced by a halogen atom. 

● Hydrogen halides are gases at room temperature. They are bubbled through the alkene to cause a 
reaction 

 



 
 

(iv) steam in the presence of an acid catalyst, e.g H3PO4, to form alcohols. 
● Hydration is an addition reaction between a gaseous alkene and steam - it is used in the industry to 

make alcohols. 
● The conditions involve high temperatures and high pressures with a Phosphoric acid (H3PO4) catalyst. 

 
 

(g.) Demonstrate and apply knowledge and understanding of the definition and use of the term 
electrophile (an electron pair acceptor). 

● Electrophile = electron pair acceptor 
● Examples include positive ions (cations) and molecules with a +δ region of charge. 

 
(h.) Demonstrate and apply knowledge and understanding of the mechanism of electrophilic addition 
in alkenes by heterolytic fission. 
Electrophilic addition between propene and bromine 

 
Bromine is a non polar molecule. But when it gets closer to the electron rich C=C bond, a dipole is induced. 
The +δ side of the molecule is attracted to the high electron density of the C=C bond. 
 
The electrons from the pi-bond make a bond with a bromine atom. This causes the heterolytic fission of the 
bromine molecule. A positive charge remains on the second carbon atom. This species is very reactive and is 
known as a carbocation. 
 
Two electrons from the bromine are shared with the carbocation making a second bond and a stable product. 
 
(i.) Demonstrate and apply knowledge and understanding of the use of Markownikoff’s rule to predict 
formation of  a major organic product in addition reactions of H-X to unsymmetrical alkenes, e.g HBr to 
propene, in terms of the relative stabilities of the carbocation intermediates in the mechanism. 

● When a hydrogen halide is added to an unsymmetrical alkene, there are two possible products. 
● We can use Markownikoff’s rule to help predict the major and minor product. 

→ this states that when the H-X is added to an unsymmetrical alkene, the hydrogen becomes attached to the 
carbon with the most hydrogen atoms to start with. This is because carbocations that have alkyl groups 
attached are more stable than those with hydrogen atoms attached. 

 



● Stability decreases as you take away hydrogen atoms. 
 

Carbocation Diagram 

Primary  

 

Secondary  

 

Tertiary  

 

 
(j.) Demonstrate and apply knowledge and understanding of the additional polymerisation of alkenes 
and substituted alkenes, including: 

(i) the repeat unit of an addition polymer deduced from a given monomer 
● During the polymerisation reaction, monomers have they pi-bonds broken. 
● The electrons from each pi-bond make a 𝞼-bond with a neighbouring carbon atom on a different 

monomer. 
● General equation for addition polymerisation: 

 
1. Draw the monomer structure so that the C=C bond is the focus of the diagram. 
2. Draw the square brackets around the monomer. 
3. Change the C=C to C-C and draw two lines extending from each C atom through the square brackets 
4. Add a subscript ‘n’ 

(ii) identification of the monomer that would produce a given section of an addition polymer. 
If you are given a section of the polymer chain and are asked to deduce the monomer, look carefully. Choose 
one group and see where that repeats - the repeating unit is between these two points. 
 
(k.) Demonstrate and apply knowledge and understanding of the benefits of sustainability of 
processing waste polymers by: 

(i) Combustion for energy production 
● Plastics are mainly organic and can be burnt. 
● As they contain large amount of carbon, their combustion releases carbon dioxide 

→ Carbon dioxide is a greenhouse gas and is linked to climate change 
● Depending on the plastic, other toxic or polluting gases, like HCl can be made. 

(ii) use as an organic feedstock for the production of plastics and other organic chemicals 

 



● After waste plastic has been sorted into different types, a series of chemical reactions can be used to 
break the plastic polymers into small organic molecules 

→ This allows recovered chemicals to be used in other industrial reactions. 
(iii) removal of toxic waste products e.g removal of HCl formed during disposal by combustion 
of halogenated plastics (e.g PVC) 

● Gases such as HCl can be removed using gas scrubbers, where a base such as CaO neutralises the 
acidic gas. 

 
(l.) Demonstrate and apply knowledge and understanding of the benefits to the environment of 
development of biodegradable and photodegradable polymers. 

● Biodegradable materials are affected by the action of microorganisms and environmental conditions, 
leading to decomposition.  

● If only the biodegradable polymer is used, the new material is called a bioplastic. 
● Plant starch can be used to make bin bags 
● To be fully compostable, a plastic must decompose landfill material about as quickly as compost would 

form from grass clippings and other green waste. The only products should be carbon dioxide, water, 
inorganic compounds and biomass. 

 
 

 
 
(a.) Demonstrate and apply knowledge and understanding of: 

(i) the polarity of alcohols and an explanation in terms of hydrogen bonding, of the water 
solubility and the relatively low volatility of alcohols compared with alkanes. 

● Water molecules are polar and so is the alcohol functional group 
→ This means that alcohols are soluble in water as their molecules form hydrogen bonds with the 

water molecules 

 
● As alkyl chain length increases, the solubility of the alcohol decreases 

→ This is because the aliphatic chain becomes the larger part of the molecule so it cannot form 
hydrogen bonds. 

● Boiling point increases as you add CH2 as there are more points of contact and more electrons so 
more intermolecular forces meaning more energy is needed to overcome forces. 

● Alcohols are polar because the molecule is asymmetric and so the dipoles don't cancel out. 
Volatility =  how easily something turns into a gas. 
→ the more energy needed to turn it into a gas, the lower the volatility. 

● Alcohols have a lower volatility than alkanes (more energy is needed to turn it into a gas) because of 
the strong hydrogen bonds. 
(ii) classification of alcohols into primary secondary and tertiary alcohols. 

Primary alcohols 
● A primary alcohol has the alcohol group attached to an end of a chain 

              

 



Secondary alcohols 
● A secondary alcohol has the alcohol group attached to a carbon atom with two alkyl chains and one 

hydrogen atom. 

            
 
 
Tertiary alcohols 

● A tertiary alcohol has the alcohol group attached to a carbon atom with three alkyl chains attached 

            
 
(b.) Demonstrate and apply knowledge and understanding of the combustion of alcohols. 

● Alcohols can be used as fuels by undergoing combustion to transfer their stored chemical energy in a 
usable form such as thermal energy. 

● Combustion is a rapid oxidation reaction that combines oxygen, usually from the air with another 
substance.  

● When alcohol is completely burnt, the products are carbon dioxide and water. 

              
 
(c.) Demonstrate and apply knowledge and understanding of the oxidation of alcohols by an oxidising 
agent, e.g Cr2O7

2-/H+ (i.e. K2Cr2O7/H2SO4) including: 
(i) the oxidation of primary alcohols to form aldehydes and carboxylic acids; the control of the 
oxidation product using different reaction conditions. 

A primary alcohol can be oxidised with acidified potassium dichromate (K2Cr2O7) using distillation (so that we 
collect the aldehyde before it oxidises further to become a carboxylic acid). 2 hydrogen atoms are lost and an 
aldehyde and water are formed. 

- Colour change from orange to green 

                                                
An aldehyde can be oxidised with acidified potassium dichromate using reflux. Oxygen is added and a 
carboxylic acid and water are formed. 

                                                           

 



 
An alcohol can be oxidised with acidified potassium dichromate under reflux in excess to make a carboxylic 
acid and water 

                                                
 
 

(ii) the oxidation of secondary alcohols to form ketones. 
Secondary alcohols will oxidise to form a ketone and water using acidified potassium dichromate. 

                                            
(iii) the resistance to oxidation of tertiary alcohols 

Tertiary alcohols do not undergo oxidation. There is no hydrogen attached to the carbon attached to the OH so 
water cannot be eliminated. 

                          
 
(d.) Demonstrate and apply knowledge and understanding of the elimination of H2O form alcohols in 
the presence of an acid catalyst (e.g H3PO4 or H2SO4) and heat to form alkenes. 
Heat and an acid catalyst are required to form an alkene from an alcohol. 

                                                     
 
(e.) Demonstrate and apply knowledge and understanding of the substitution with halide ions in the 
presence of acid (e.g NaBr/H2SO4) to form haloalkanes. 
Alcohols can react with halides to produce haloalkanes using NaBr and sulphuric acid. 
This reaction is called nucleophilic substitution 

                                           
 

 
 
(a.) Core practical: Demonstrate and apply knowledge and understanding of the hydrolysis of 
haloalkanes in a substitution reaction: 

(i) by aqueous alkali 

 



When a haloalkane is heated under reflux with an aqueous alkali solution containing hydroxide ions, an 
alcohol is made.  
This is a nucleophilic substitution reaction and an example of hydrolysis.  
The rate of reaction is faster then using water. 

(ii) by water in the presence of AgNO3 and ethanol to compare experimentally the rates of 
hydrolysis of different carbon-halogen bonds. 

There is only a slow reaction between a primary halogenoalkane and water even if they are heated. The 
halogen atom is replaced by -OH. 
An alcohol is produced. 

 
 
(b.) Demonstrate and apply knowledge and understanding of the definition and use of the term 
nucleophile (an electron pair donor). 
Nucleophile = electron-pair donors. During nucleophilic substitution, the positive carbon a 
tom is attacked by atoms or molecules that have a partial or full negative charge. These species are called 
nucleophiles. 
 
(c.) Demonstrate and apply knowledge and understanding of the mechanism of nucleophilic 
substitution in the hydrolysis of primary haloalkanes with aqueous alkali. 
 

 
 
(d.) Demonstrate and apply knowledge and understanding of the explanation of the trend in the rates 
of hydrolysis of primary haloalkanes in terms of the bond enthalpies of carbon-halogen bonds (C-F, 
C-Cl, C-Br and C-I). 

- Going down the halogen group in the periodic table, atoms get larger. This means that their bonding 
electrons are further away from the nuclei and feel stronger shielding. This results in lower mean 

bond enthalpies and the C-X 
bonds are easier to break. The 
higher the mean bond enthalpy, 
the less likely the halogen will 
react in the nucleophilic 
substitution reaction. 

 
(e.) Demonstrate and apply knowledge and understanding of the production of halogen radicals by the 
action of ultraviolet (UV) radiation on CFCs in the upper atmosphere and the resulting catalysed 
breakdown of the Earth’s protective ozone layer, including equations to represent: 

(i) the production of halogen radicals 
CFCs are gases at room temperature and after use they disperse into the atmosphere.  

 



As the gases diffuse up through the layers of the atmosphere, they eventually become exposed to ultraviolet 
(UV) radiation in the stratosphere. 
The C-Cl bonds in C2F2Cl2 undergo homolytic fission due to the UV light: 
Initiation step :              C2F2Cl2 → C2F2Cl• + Cl• 

(ii) the catalysed breakdown of ozone by Cl radical and other radicals e.g. NO radical. 
Ozone = a layer of O3 molecules in the stratosphere. 
→ it is toxic to humans and is a key contributor to photochemical smog. 
→ in the stratosphere it protects us from harmful UV radiation from the sun and stabilises the temperature. 
Stratospheric ozone is decomposed naturally by UV radiation and more ozone is made in a natural process. 
The chlorine radicals from CFCs can catalyse the decomposition of ozone  to make diatomic oxygen. 
First propagation step : Cl• + O3  → ClO• + O2 
Second propagation step : ClO• + O3  → Cl• + 2O2 
Overall : 2O3  → 3O2 
 

In high temperatures of combustion engines, nitrogen and oxygen can react to make nitrogen oxides, known 
as NOx. This can also occur naturally when lightning is produced. Nitrogen Oxide can decompose ozone: 
NO• + O3  → NO2• + O2 
NO2• + O → NO• + O2 
Overall : O3 + O → 2O2 
 

 
 
(a.) Core practical and HSW 4: Demonstrate and apply knowledge and understanding of the 
techniques and procedures for: 

(i) use of Quickfit apparatus including for distillation and heating under reflux 
Distillation = a separating technique often used to collect a product from an organic synthesis reaction. 

 
Connect the condenser to the water supply by carefully attaching the 
bottom condenser hose to a water tap; put the top rubber hose into the 
sink and turn on the water tap to give a gentle flow. 
Pour the organic mixture into the round-bottomed flask with a few 
anti-bumping granules to ensure smooth boiling. 
 
 
 

Reflux = a technique used in organic synthesis to ensure that a reaction mixture does not boil away. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



(ii) preparation and purification of an organic liquid including: 
* Use of a separating funnel to remove an organic layer from an aqueous layer 

1. Mount an iron ring on a clamp stand and put the separating funnel in it. 
2. Remove the stopper and make sure that the tap at the bottom is 

closed. 
3. Carefully pour the mixture into the funnel so that the funnel is no more 

than half full. Wash out the reaction vessel with water and add this to 
the mixture in the funnel - there should still be some air in the funnel. 

4. Take the funnel out of the ring and invert it. Open the tap to equalise 
the pressure. Turn the tap back closed. Gently shake the mixture in 
the funnel and equalise the pressure as required. Repeat until you no 
longer hear a ‘whistle’. 

5. Replace the funnel in the iron ring and give the mixture time to separate into layers. 
6. Remove the stopper, put a beaker under the spout and open the tap. Collect the lower (water) layer in 

a beaker. Turn the tap off. As the organic product is in the upper layer, this aqueous layer can be 
discarded. 

7. Using a clean, dry beaker open the tap and collect the desired organic product. 
8. Shake the liquid with a small amount of drying agent and pour the final dry product into a clean, dry 

container. 
* drying with an anhydrous salt (e.g. MgSO4, CaCl2) 

1. Add a few spatulas of the drying agent to the 
organic product. 

2. If the drying agent clumps together, then add some 
more. 

3. When the drying agent remains free-moving the 
organic product is dry. 

4. Use gravity filtration and collect the filtrate, which is 
the dry organic compound. 

* redistillation. 
Redistillation = the purification of a liquid by performing multiple distillation. 
 
(b.) Demonstrate and apply knowledge and understanding for an organic molecule containing 
several functional groups: 

(i) identification of individual functional groups 
(ii) prediction of properties and reactions. 

 

Functional Group Reagents  Observations 

Unsaturated hydrocarbon Add a few drops of bromine water 
to the sample and shake 

Bromine water decolourised 

haloalkane Silver nitrate, ethanol and water - White precipitate indicated 
chloro- 
- cream precipitate indicated 
bromo- 
- yellow precipitate indicates iodo- 

Carbonyl  acidified potassium dichromate 
(VI) 

- Ketones - no change 
 - Aldehydes - orange turns 
green 

Carboxylic acid Universal indicator pH of a weak acid 

Alcohol  Warm with an equal volume of Sweet smell of an ester after a 

 



carboxylic acid and a few drops of 
sulphuric acid. 

short time 

 
(c.) Demonstrate and apply knowledge and understanding for a two-stage synthetic route for 
preparing organic compounds. 

It is often common to use more than one reaction to 
generate a target molecule for a particular organic 
reactant. 
 
 
 
 
 

 
 
(a.) Demonstrate and apply knowledge and understanding that infrared (IR) radiation causes covalent 
bonds to vibrate more and absorb energy. 
All molecules absorb infrared radiation. This absorbed energy makes covalent bonds vibrate more, with either 
a stretching or bending motion. 
Every bond vibrates at its own unique frequency. The amount of vibration depends on: 

- The bond strength 
- The bond length 
- The mass of each atom involved in the bond. 

Most bonds vibrate at a frequency between 300 and 4000 cm 
The absorbed energies can be displayed as an infrared spectrum.the spectrum indicated the presence of 
functional groups in the compound under investigation. 
 
(b.) Demonstrate and apply knowledge and understanding of absorption of infrared radiation by 
atmospheric gases containing C=O, O-H and C-H bonds (e.g. H2O, CO2 and CH4), the suspected link to 
global warming and resulting changes to energy usage. 

- Molecules don’t just absorb radiation inside an infrared spectrometer - it happens all around us. 
- C=O, O-H and C-H bonds are very good at absorbing infrared radiation. These bonds are present in 

many common greenhouse gases such as H2O, CO2 and CH4. 
- They are all released every time we burn fuels such as coal or petrol. 
- As we release more and more of these gases into the atmosphere, more and more infrared radiation 

can be absorbed, which eventually leads to artificial warming of the planet - known as global warming. 
- This has led to many governments introducing policies that encourage the use of technologies 

and energy resources that do not release  
 
(c.) Demonstrate and apply knowledge and understanding of use of an infrared spectrum of an organic 
compound to identify: 

(i) an alcohol from an absorption peak of a O-H bond 
- Peak at 3200-3550 (broad) 
- If this peak is present, the substance being analysed contains an O-H bond as part of an alcohol group. 

 



(ii) an aldehyde or ketone from 
an absorption peak of the C=O 
bond. 

- Peak at 1640-1750. 
- If this peak is present, the 

substance being analysed contains 
a C=O bond. 
(iii) a carboxylic acid from an 
absorption peak of the C=O bond 
and a broad absorption peak of 
the O-H bond. 

- For a substance to be identified 
from its spectra as a carboxylic 
acid, it must contain two 
characteristic peaks: 

- A very broad peak at 2500-3300, which indicates the presence of the O-H bond in the 
carboxylic acid. 

- A strong, sharp peak at 1680-1750 that represents the C=O bond. 
 
(d.) Demonstrate and apply knowledge and understanding of interpretations and predictions of an 
infrared spectrum of familiar or unfamiliar substances using supplied data. 
Typical data on the spectra of functional groups is available in reference sheets. 
→  these show the typical wavenumbers for peaks caused by certain bonds when they absorb infrared 
radiation. 
 
(e.) Demonstrate and apply knowledge and understanding of the use of infrared spectroscopy to 
monitor gases causing air pollution (e.g. CO and NO from car emissions) and in modern breathalysers 
to measure ethanol in the breath. 
Infrared spectrometers are used as one of the main methods for testing the breath of suspected drunken 
drivers for ethanol.  

- The characteristic peak for an O-H bond identifies the presence of alcohol. The level of absorption is 
related to concentration of alcohol in the blood. This relationship is described by a principle called the 
Beer-Lambert Law. 

- Sometimes other substances present in the breath may produce similar spectra so most modern 
breathalysers combine infrared spectroscopy with other technologies. 

Air pollutants, such as CO and NO, and their concentrations can also be monitored - for example, to study the 
effect of traffic on air quality. 

- Infrared spectroscopy technologies can be used to detect toxic leaks from industrial plants or to monitor 
changes in the different levels of the atmosphere. 

 
(f.) Demonstrate and apply knowledge and understanding of the use of a mass spectrum of an organic 
compound to identify the molecular ion peak and hence to determine molecular mass. 
The molecular mass of a compound can be determined using mass spectrometry by locating the M+ peak.  
E.g. Ethanol: 

The molecular ion peak is at 46. This 
indicates that the relative molecular 
mass of ethanol is 46.. 
The other peaks in the spectrum are 
a result of fragmentation. 
 
 
 

 



 
 
 
 
 
(g.) Demonstrate and apply knowledge and understanding of the analysis of fragmentation peaks in 
the mass spectrum to identify parts of structures. 
Excess energy from the ionisation process can be transferred to the molecular ion, making it vibrate.  
→  This causes bonds to weaken and the molecular ion can split into pieces fragmentation. 
Fragmentation = when the original molecule breaks up into positive fragment ions and other neutral species. 
Fragmentation is unpredictable because it can happen anywhere within the molecule. 
The molecular ion and fragment ions are detected in a mass spectrometer. 
Even with simple compounds, it is often impossible to identify every peak in a mass spectrum. However, there 
are a number of common peaks that can be identified. 
 

Mass  Fragment  

15 CH3 

17 OH 

26 CN 

28 H2C=CH2 

29 CH2CH3, CHO 

31 OCH3 

35 Cl 

43 CH3C=O, C3H7 

45 OCH2CH3 

57+ C4H9 
 
 
(h.) Demonstrate and apply knowledge and understanding of the deduction of the structures of organic 
compounds from different analytical data including: 

(i) elemental analysis 
- Gives scientists information about the numbers and types of element present in a compound sample. 
- Calculations can be carried out using data from composition analysis to work out the empirical formula 

of a compound. 
- The relative molecular mass of the compound and its molecular formula can also be generated. 

(ii) mass spectra 
- Using mass spectra is a destructive analytical technique because the sample cannot be reclaimed after 

analysis. However, it uses very small quantities and it is a relatively cheap method of analysis. 
(iii) IR spectra 

- Use the structures to consider the key features that differentiate the structures. You should then use 
the OCR chemistry data sheet to suggest the approximate absorption that would be expected in the 
infrared spectra. 

 
 
 

 



 
 
 
 
 

 


