
CHEMISTRY

2.5
Externally assessed 4 credits

Achievement Standard 91165
Demonstrate understanding of the 
properties of selected organic compounds

Characteristics and physical properties of hydrocarbons
Hydrocarbons are organic compounds that contain only 
carbon and hydrogen. Alkanes, alkenes and alkynes are 
all hydrocarbons. They each form a homologous series 
(a ‘family’ where members of the series are represented 
by the same general formula, have the same functional 
group, have similar methods of preparation, and show 
similar chemical properties).

Alkanes Alkenes Alkynes

General 
formula

CnH2n+2 CnH2n CnH2n–2

Saturated? yes no no

Functional 
group

–
double 
bond

triple 
bond

Saturated hydrocarbons contain single bonds. Unsaturated hydrocarbons contain a double or triple bond. 
A functional group is an atom or group of atoms within the organic molecule that determines the 
characteristic chemical properties of the particular family of organic compounds.

Examples of hydrocarbons
Methane is the simplest alkane and has the molecular formula CH4 
A methane molecule has a tetrahedral shape.

H
 
C
 
H

H H

109°

Ethene is the simplest alkene and has the molecular formula C2H4 
An ethene molecule has two carbon atoms joined by a double bond. The 
four atoms around this double bond lie in a plane, with angles of 120° 
between the bonds.

H

H

H

H

C C 120°

120°

Ethyne is the simplest alkyne and has the molecular formula C2H2 
The ethyne molecule has two carbon atoms joined by a triple bond. It has a 
linear shape. H C C H

180°

Physical properties of hydrocarbons

Physical property Alkanes, alkenes and alkynes

Colour colourless

Polarity non-polar

Solubility in water insoluble (ethyne is very slightly soluble)

Electrical conductivity do not conduct

Conductivity of heat poor

Density less dense than water

Melting points and boiling points
• low due to weak forces of attraction between the molecules

• gradually increase as molar mass increases
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Naming alkanes
Straight-chain alkanes
Ending (suffix) is ane.

Beginning of name (prefix) depends 
on the number of carbons.

Number of carbons Prefix Alkane name

1 meth methane

2 eth ethane

3 prop propane

4 but butane

5 pent pentane

6 hex hexane

7 hept heptane

8 oct octane

The molecular formula shows the identity and number of atoms in the molecule (e.g. molecular formula 
for propane is C3H8).

The structural formula (also known as constitutional formula) 
represents how the atoms in a molecule are arranged, e.g. 
structural formula for propane (shown alongside).

The ‘stick’ between the carbon and the hydrogen represents a 
shared pair of electrons (i.e. a single covalent bond).

 H H H 
   
H — C — C — C — H
    
 H H H

For convenience, a condensed structural formula is mostly used, e.g. CH3CH2CH3

Branched-chain alkanes
Alkanes with more than 3 carbon atoms can also have a branched-chain molecular structure.

Branched chains are called alkyl groups, e.g. methyl, CH3– ; ethyl, CH3CH2–. Other alkyl groups are named 
accordingly, e.g. propyl, butyl, etc.

When naming branched-chain 
molecules, a number is used to indicate 
the position of the branch on the longest 
carbon chain in the molecule. The parent 
chain is numbered to give the lowest 
possible number for the branch.

Example 
 H H H H H
     
H — C — C — C — C — C — H
     
 H  H H H
    CH3

 1  2  3  4  5

Longest chain of carbon 
atoms is 5, so pentane. The 
methyl group (methyl) is 
attached to carbon number 
2 (2-methyl) of the 5-C 
chain (pentane).

      2-methylpentane
 

For identical branches:

• di if there are 2 branches the same

• tri if there are 3 branches the same

• tetra if there are 4 branches the same.

A comma is placed between numbers.

Example
 H H H H H
     
H — C — C — C — C — C — H
     
     CH3      CH3

 1  2  3  4  5

H H

There are two (di) methyl 
groups attached at positions 
2 and 4 (2,4-dimethyl) of 
the 5-C chain (pentane).

   2,4-dimethylpentane

Naming alkenes
Ending (suffix) is ene.

The beginning of the name (prefix) depends on the 
number of carbons (as for alkanes); e.g.

H  H

 C == C

H  H

  is ethene

If there are four or more carbon atoms in the chain, the position of the double bond must be included in 
the name.
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Number the carbon atoms from the end closest to the double bond. Choose the lower number of the two 
carbons joined by the double bond to identify the double bond.

H

H

 H H H H
    
C == C — C — C — C — H
    
 H H H H

 1  2  3 4  5

 H H H H H
     
H — C — C == C — C — C — H
     
 H   H H

 1  2  3  4  5

pent-1-ene 
The double bond is between the  

1st and 2nd carbon

pent-2-ene 
The double bond is between the 2nd and 3rd carbon 

(i.e. not pent-3-ene)

Branched chain alkenes
The position of the double bond is identified by numbering the chain from 
the end that gives the double bond the lowest number; the branch is then 
identified.

  3-methylhex-2-ene

Naming alkynes
Ending (suffix) is yne. The beginning of the name (prefix) depends on the number of carbons (as for 
alkanes); e.g. H — C  C — H is ethyne.

Branched chain alkynes – as for alkenes
 H   H H
     
H — C — C  C — C — C — H
     
 H       CH3 H

 1  2  3  4  5 or   
CH3C  CCHCH3

CH3

4-methylpent-2-yne

Isomers
Isomers are compounds containing molecules with the same number and type of atoms, but in which 
these atoms are arranged differently. Although compounds of isomers often look similar, they have different 
physical properties, and sometimes different chemical properties.

Constitutional (structural) isomerism
Constitutional (structural) isomers have the same molecular formula but their atoms are arranged in a 
different order.

Example

Structural isomers differ 
in the arrangement of 
the atoms. Pentane and 
methylbutane have the 
same molecular formula, 
C5H10, but the atoms are 
arranged differently.

 H H H H H
     
H — C — C — C — C — C — H
     
 H H H H H

 

 H CH3 H H
    
H — C — C — C — C — H
    
 H H H H

 pentane methylbutane

Geometric isomerism (cis-trans isomerism)
Cis-trans isomers have the same order of attachment of atoms, but the arrangement of atoms in space 
is different. Cis-trans isomerism occurs when there is no free rotation about a bond (e.g. a double bond). 
Geometric isomerism in an alkene occurs when two different groups are bonded to the carbon atoms of 
the double bond.

 1

CH3CH CCH2CH2CH3
 2

3  4  5  6

CH3
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Example

1.  The methyl groups in  
1,2-dibromoethene can 
exist either on the same 
side of the double bond 
as each other or opposite 
one another.

CH3    CH3

 C == C

H      H

cis-but-2-ene  
(methyl atoms on the same side)

CH3   H

 C == C

H CH3

trans-but-2-ene 
(methyl atoms opposite 

one another)

  Although these molecules have the same molecular formula, they cannot be turned into 
one another without breaking the double bond. The compounds will have different physical 
properties (e.g. different melting and boiling points).

2.  Not all alkenes 
exhibit geometric 
isomerism.

H   CH2CH3

 C == C

H  H

 but-1-ene

In this molecule, the double bond cannot freely 
rotate but there is no geometric isomerism 
because one carbon atom in the double bond 
has two identical groups attached to it, e.g. two 
hydrogen atoms attached to one of the carbon 
atoms.

Geometric isomerism does not occur with alkanes.

Chemical properties of hydrocarbons
Alkanes are less reactive than alkenes and alkynes, as alkane molecules do not have a double or triple bond. 
All hydrocarbons are useful as fuels, as they all burn readily.

Combustion reactions

Complete combustion
Occurs in a plentiful supply of oxygen. Products are water and carbon dioxide; the flame is hot and blue.

Alkane:  C3H8 + 5O2 → 3CO2 + 4H2O

Incomplete combustion
Occurs in a limited supply of oxygen. Products are water and carbon monoxide or water and carbon (soot); 
the flame is yellow.

Alkane:  C3H8  + 3½O2 $ 3CO + 4H2O limited oxygen supply

Alkane:  C3H8  + 2O2 $ 3C + 4H2O very limited oxygen supply

In reality, incomplete combustion results in a mixture of CO2, CO and C.

Substitution reactions
A substitution reaction is one in which an atom (or group of atoms) attached to a carbon in an organic 
compound is replaced by a different atom (or group of atoms).

Alkanes undergo substitution reactions where an H atom is replaced by a halogen atom:

 ethane + bromine UV from sunlight
	 bromoethane + hydrogen bromide

 CH3CH3 + Br2 
UV from sunlight  CH3CH2Br + HBr

Bromoethane can react further, because the other hydrogen atoms can be replaced – dibromoethane, 
tribromoethane and tetrabromoethane, etc. will also be produced.

UV from sunlight is the catalyst for the reaction. The hydrogen bromide will turn moist blue litmus paper red.

Chlorine will react with alkanes in a similar way.
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Addition reactions
An addition reaction is one in which the double (or triple) bond breaks and other atoms are introduced into 
the organic molecule – i.e. two molecules combine to make a larger molecule. The molecule becomes more 
saturated. Alkenes and alkynes undergo addition reactions because they are unsaturated compounds.

Addition of bromine or chlorine (halogenation)
H  H

 C == C

H  H

+ Br2 $

 Br Br 
  
H — C — C — H
   
 H H

ethene 1,2-dibromoethane

H

H

 H H 
   
C == C — C — H
  
  H

+ Cl2 $

 Cl Cl H
   
 H — C — C — C — H
   
 H H H

propene 1,2-dichloropropane

In addition reactions, the double bond breaks. The substance is added to the C atoms at both ends of the 
double bond (e.g. for propene + Cl2, 1,2-dichloropropane is produced, not 1,1-dichloropropane).

Addition of hydrogen (hydrogenation)

H  H

 C == C

H  H

 + H2(g) $Pt     

 H H 
  
H — C — C  — H
   
 H H

 (or CH3CH3)

 ethene     ethane

(A platinum or other metal 
catalyst is needed)

Addition of hydrogen chloride (hydrohalogenation)

H  H

 C == C

H  H

+ H — Cl $

 H Cl 
  
H — C — C — H
   
 H H

 (or CH3CH2Cl

ethene chloroethane

Addition of hydrogen bromide
 CH2 == CH2 + HBr    $    CH3CH2Br

Addition of water (hydration)

Ethene reacts with steam 
at 330 °C and at a pressure 
of 60 atmospheres in the 
presence of an acid catalyst to 
form ethanol:

H  H

 C == C

H  H

+ H2O
conc H2SO4

 H OH 
  
H —  C — C  — H
   
 H H

(or CH3CH2OH)

ethene ethanol

(i.e. H — OH)

Concentrated sulfuric acid is the catalyst for this reaction. The reaction may sometimes be written to show 
the reagents as:

 CH2=CH2 
H+/ H2O  CH3CH2OH
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Addition of hydrogen chloride to unsymmetrical alkenes
If an alkene is unsymmetrical, there are two possible products from addition of hydrogen chloride. The 
major product has the hydrogen atom attached to that carbon atom which originally had the greater 
number of hydrogen atoms attached to it. (‘The rich get richer.’)

 

H  

 C == 

H  

 H H
  
  C — C  — H
  
  H

 + HCl $ 

 H Cl H
   
H — C — C  — C — H
   
 H H H

 or 

 Cl H H
   
H — C — C  — C — H
   
 H H H

H attaches to C with greater  
number of H atoms

CH3CHCH3

Cl

CH2CH2CH3

Cl
propene 2-chloropropane 

major product
1-chloropropane 
minor product

The same rule applies for the addition of hydrogen bromide and water to unsymmetrical alkenes.

Addition reactions of alkynes
Reactions are similar to alkenes, but further addition occurs until the molecule is fully saturated.

H — C  C — H + Br2 $

Br  Br

 C == C

H  H
ethyne 1,2-dibromoethene

Br  Br

 C == C

H  H

+ Br2 $

 Br Br 
  
 H — C — C  — H
   
 Br Br

1,2-dibromoethene 1,1,2,2-tetrabromoethane

Reactions to identify alkenes

Identification with bromine water
Alkenes
Bromine liquid is a reddish colour but, when added to water, forms orange/brown bromine water, Br2(aq). 
When bromine water is added to an alkene (e.g. cyclohexene – liquid at room temperature), it decolourises 
rapidly. Alkenes which are gases at room temperature (e.g. propene) can be bubbled through bromine water.

CH2 == CH — CH3 + Br2(aq) $ CH2 — CH — CH3

     
Br   Br

propene bromine water 
(orange)

1,2-dibromopropane 
(colourless)

Alkanes
If an alkane, such as propane, is bubbled through bromine water, the bromine water would remain orange. 

However, if placed in sunlight, the bromine water would decolourise slowly with an alkane – sunlight 
catalyses the reaction between alkanes and bromine.

CH3 — CH2 — CH3 + Br2(aq) UV Br — CH2 — CH2 — CH3 + HBr

propane bromine water 1-bromopropane hydrogen bromide
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Identification with potassium permanganate solution

Alkenes
Acidified potassium permanganate solution, MnO4

–/H+, is purple. If added to an alkene, the solution 
changes from purple to colourless. This is an oxidation-reduction reaction.

If the potassium permanganate is not acidified, the reaction mixture changes from a purple solution to a 
brown solid. The organic reaction product is a diol, e.g.:

 CH2 == CH2 
MnO4

–

 
CH2 == CH2

OH OH
Alkanes
Alkanes do not react with potassium permanganate; KMnO4 solution would remain purple.

Polymers
A polymer is a large molecule made up of many small repeating units (called monomers).

Polymerisation is the reaction in which the monomers join together to form the large molecule.

Polythene is a polymer made from the monomer ethene. 

The type of polymerisation is called addition polymerisation.

 

H  H

 C == C

H  H

 + 

H  H

 C == C

H  H

 + 

H  H

 C == C

H  H

 $ 

 H H H H H H
      
. . . — C — C — C — C — C — C — . . .

      
 H H H H H H

To write the formula for the molecule, the 
repeating unit is written; the symbol ‘n ’ 
represents the number of monomer units.

n

or n (CH2

n

n

H H

C C

H CI

CHCl)

C — C

H H

H Cl

CH2 CHCl

$

$

Monomer Polymer Uses

ethene 

H  H

 C == C

H  H

polythene 

n

C — C

H H

H H

bottles, plastic bags, toys

propene 

H

C C C

HH

H

H

H

polypropylene 

n

C — C

H H

H CH3

thermal wear, carpets, 
storage containers

chloroethene  

H  Cl

 C == C

H  H

 
(vinyl chloride)

polyvinyl chloride (PVC) 

n

C — C

H CI

H H

lino, garden hoses, 
shower curtains, artificial 
leather (e.g. car seats), 
clothing

tetrafluoroethene 

F  F

 C == C

F  F

polytetrafluoroethylene (PTFE) 
(also called Teflon)  

n

C — C

F F

F F

non-stick frying pans, 
gaskets, bearings
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Haloalkanes
Bromoethane is an example of a haloalkane – i.e. an alkane in which one or more of the H atoms has been 
replaced with a halogen atom (a F, Cl, Br or I atom).

Naming haloalkanes
As for alkanes, plus prefix for halogen atom (F – fluoro, Cl – chloro, Br – bromo, I – iodo). The position of 
the halogen atom on the carbon chain is indicated by a number.

Classification of haloalkanes
Haloalkanes can be classified as primary, secondary or tertiary according to the position of the halogen atom.

Examples
Primary haloalkanes (1°)

The halogen is attached  
to a carbon that is attached  

to one other carbon.
 H H H
   
Cl — C — C — C — H
    
 H H H

1-chloropropane

Secondary haloalkanes (2°)

The halogen is attached  
to a carbon that is attached  

to two other carbons.

 H Cl H
   
H — C — C — C — H
    
 H H H

2-chloropropane

Tertiary haloalkanes (3°)

The halogen is attached  
to a carbon that is attached  

to three other carbons

 H Cl H
   
H — C — C — C — H 

  
 H CH3 H

 

2-chloromethylpropane

Chemical properties of haloalkanes

Substitution
Haloalkanes can undergo substitution reactions with aqueous KOH (and NaOH) to form alcohols, and 
concentrated ammonia to form amines. Substitution reactions occur when an atom or a group of atoms in 
an organic molecule is replaced by another atom or group of atoms.

Example
Substitution

KOH(aq) CH3CH2OH KClCH3CH2Cl +

+

+

chloroethane ethanol

2NH3(alc) CH3CH2NH2 NH4ClCH3CH2Cl +

chloroethane ethanamine

$

$
The reaction with ammonia requires 
high pressure and concentrated 
ammonia dissolved in ethanol.

Elimination
Haloalkane molecules can undergo elimination reactions. An elimination reaction is one in which two atoms 
or groups of atoms are removed from adjacent carbon atoms. This introduces a double bond into the organic 
molecule, thus reducing the degree of saturation of the molecule. In haloalkanes, the halogen atom and a 
hydrogen atom from an adjacent carbon atom are removed, resulting in an alkene and a hydrogen halide.

Example

     

CH2        CH2

H         Cl

CH2

conc. KOH(alc)
CH2 +== HCl

ethene
Heat

removed
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For elimination reactions involving unsymmetrical haloalkane molecules, the major product is the one 
where the hydrogen atom lost is removed from the carbon atom of the double bond containing the fewer 
hydrogen atoms (‘the poor get poorer’).

Example
In the elimination reaction of 2-chlorobutane, the major product is but-2-ene

CH3CH2 CH3CH CH3CH2CH CH2=CHCH3CH CH3

CI

KOH(alc)

heat
+

major minor

Alcohols
The word alcohol is commonly used to describe beverages such as beer and wine. These drinks contain 
ethanol, which belongs to a family of organic compounds called alcohols. Alcohols have the general 
formula of CnH2n+1OH (sometimes written as ROH, where R represents an alkyl group). The functional group 
is the hydroxyl group, –OH. It replaces an H group on an alkane molecule. (This is not a hydroxide ion as 
found in, say, sodium hydroxide, NaOH.) Alcohols are saturated compounds and form a homologous series.

Naming alcohols
Replace the final e from the corresponding alkane with ol, e.g. ethane (C2H6) : ethanol (C2H5OH)

Alcohols with three or more carbons 
include the position of the hydroxyl group 
in the name.

 H H H
   
H — C — C — C  — OH
   
 H H H

 H H H
   
H — C — C — C  — H
   
 H OH H

propan-1-ol propan-2-ol

123 123

Branched-chain alcohols
The –OH group is given the lowest 
number when naming.

 H    CH3  OH H
    
H — C — C — C — C — H
    
 H H H H

1234

This is named 3-methylbutan-2-ol 
(not 2-methylbutan-3-ol)

Classification of alcohols
Alcohols can be classified as primary, secondary or tertiary alcohols.

Primary alcohol (1°)
The –OH group is attached to a carbon that is 
attached to one other carbon.

Example
CH3 — CH2 — CH2 — OH         propan-1-ol

Secondary alcohol (2°)
The –OH group is attached to a carbon that is 
attached to two other carbons.

Example
 CH3 — CH — CH3
     
    OH

propan-2-ol 

Tertiary alcohol (3°)
The –OH group is attached to a carbon that is 
attached to three other carbons.

Example
      OH
     
CH3 — C — CH3

     
      CH3

2-methylpropan-2-ol 
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Physical properties of alcohols
Alcohols are colourless.

Alcohol molecules are polar due to the –OH group. Because of their polarity, small alcohol molecules are 
soluble in water. As the length of the carbon chain increases, the non-polar part of the molecule (i.e. the 
carbon chain) becomes larger – hence large alcohol molecules are insoluble in water.

The boiling points and melting points of the alcohols increase with increasing size of their molecules, as the 
forces of attraction between the molecules get stronger. Boiling and melting points are higher than those 
of the corresponding alkanes because attraction between molecules is increased due to the polarity of the 
alcohol group.

Straight-chain alcohols have higher boiling points than their branched-chain isomers.

Chemical properties of alcohols
Combustion reactions
Alcohols undergo complete and incomplete combustion similar to hydrocarbons. Products of complete 
combustion are carbon dioxide and water. Products of incomplete combustion are carbon monoxide (or 
carbon, depending on the amount of oxygen) and water.

Oxidation reactions
If an oxidant, such as acidified potassium dichromate solution, Cr2O7

2–/H+, is added to a primary alcohol 
and the mixture warmed, the alcohol will be oxidised to form a carboxylic acid.

  Cr2O7
2–/H+

 ethanol  ethanoic acid
 (alcohol)  (carboxylic acid)

The orange solution turns green as dichromate ions, Cr2O7
2–, are reduced to chromium(III) ions, Cr3+.

Acidified potassium permanganate, MnO4
–/H+, is another 

oxidising agent that can be used to oxidise alcohols to 
carboxylic acids; the purple permanganate solution containing 
MnO4

– ions will be decolourised and manganese(II) ions, Mn2+, 
will be produced.

Alcohol Carboxylic acid formed 
on oxidation of alcohol

methanol methanoic acid

ethanol ethanoic acid

propan-1-ol propanoic acid

Substitution reactions
The hydroxyl, –OH, group of an alcohol molecule can be replaced by a halogen atom. This is an example of 
a substitution reaction.

Example
Phosphorus pentachloride, PCl5, or thionyl chloride, SOCl2, can be used to substitute –Cl for –OH

CH3OH CH3Cl

methanol chloroethane

PCl5CH3CH2OH CH3CH2Cl

ethanol chloroethane

SOCl2

Elimination reactions
An alcohol can be dehydrated to form an alkene. Dehydration is an example of an elimination reaction, as an 
–OH group and a hydrogen atom from an adjacent carbon atom are removed to form an alkene and water.

A catalyst, such as concentrated sulfuric acid at 170 °C can be used.

 

 H H
  
CH3 — C — C — H
   
 H     OH 

removed

    
conc H2SO4

 

 
heat

     CH3 — CH == CH2      +      H2O

The product collected can be confirmed as an alkene by bubbling the gas through bromine water. The 
orange bromine water will be decolourised.
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Achievement Standard 91164 (Chemistry 2.4): 
Demonstrate understanding of bonding, 
structure, properties and energy changes

2.4 Chemical bonding and molecular 
properties

Question One
a. i. 

Molecule HOCl COCl2 NF3

Lewis 
structure

OH Cl

O

C

Cl Cl

NF F

F

Name of 
shape

Bent or 
V-shaped

Trigonal 
planar

Trigonal 
pyramid

Approximate 
bond angle 
around the 
central atom

109.5°  120° 109.5°

 ii.  Shape and bond angle are determined by the number 
of electron clouds / regions of electron density on the 
central atom. These are arranged as far apart as possible 
to minimise repulsion between the electron clouds. HOCl 
– central atom, O, has 4 electron clouds / regions of 
electron density around the central O atom. These take 
a tetrahedral shape with the angle between the electron 
clouds of around 109.5°. There are only 2 bonds, so the 
shape observed will be bent or V-shaped with an angle of 
approximately 109.5°.

   COCl2 has 3 electron clouds / regions of electrons on 
the central C atom. These will take a trigonal planar 
arrangement with the angle between the electron 
clouds being 120°. Since all the electron regions on the 
central atom are bonds, the shape of the molecule is also 
trigonal planar.

b. i. Dichloromethane – polar.

  Tetrachloromethane – non-polar.

   CH2Cl2 has two different bonds – i.e. C–Cl and C–H. Each 
bond will be polar, since there are different atoms present; 
however, the C–Cl bond will be more polar since the 
Cl atom has greater electronegativity than the H atom. 
This means that the Cl atom will attract the electrons in 
the C–Cl bond to a greater extent than the H atom in the 
C–H bond will. Hence the charge separation / bond dipole 
in the C–Cl bond is greater than for the C–H bond. The 
bonds are evenly distributed around the C atom, but the 
different polarities mean that the electron density is not 
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evenly spread around the C atom, the bond polarities / 
dipoles do not cancel and the molecule is polar.

   In CCl4, all the bonds are polar since the electronegativity 
of the C and Cl atoms is different. Since all the bonds are 
identical and the shape is tetrahedral, the polar bonds 
are evenly spread and the dipoles / bond polarities will 
cancel. Hence the molecule is non-polar.

(A – some of: correct Lewis structures, correct shapes, recognises shape is related to regions of 
electrons on the central atom, polarity of bonds or molecules;

M – links shape/angle to number of electron clouds or links bond polarity to electronegativity or 
polarity of molecules to their shape;

E – full explanations for shape and polarity)

Question Two
a. i.

Molecule H2O CS2 PH3

Lewis structure OH H CS S
H

H—P—H

Name of shape Bent Linear
Trigonal 
pyramid

Approximate 
bond angle 
around the 
central atom

109.5° 180° 109.5°

 ii.  PH3 and H2O: both have 4 electron clouds/regions 
of electron density on the central atom. To minimise 
repulsion, the electron clouds / regions of electron density 
take a tetrahedral shape with an angle of around 109.5°.

   In H2O, there are 2 bonds with an angle of approximately 
109.5°, so the shape observed will be bent.

   In PH3 there are 3 bonds with a bond angle of 
approximately 109.5°, so the shape observed  
is a trigonal pyramid.

   CS2 has 2 electron clouds / regions of electrons around 
the central C atom. To minimise repulsion, the electron 
clouds / regions of electron density will take a linear 
arrangement with an angle of 180°. Since all the electron 
regions on the central atom are bonds, the shape of the 
molecule is also linear with an angle of 180°.

b.  Ammonia has a trigonal pyramid shape (see explanation for 
PH3 in a. ii.). Borane has a trigonal planar shape since there 
are three regions of electrons all of which are bonding. (These 
regions of electrons take a trigonal planar shape in order to 
minimise repulsion.)

  In both NH3 and BH3, the bonds are polar since the atoms in 
each bond have different electronegativity. This means there 
is a charge separation (dipole) across the bond due to one 
bonding atom attracting the electrons to a greater extent 
than the other bonding atom.
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  For NH3, the shape of the molecule means that the bond 
dipoles are unevenly arranged and so do not cancel each 
other out – hence the molecule is polar.

  For BH3, the even arrangement of the polar bonds around the 
central atom means that the dipoles cancel and hence the 
molecule is non-polar.

N
H

H
H

      

 B — H

H

H

(A – some of: correct Lewis structures and correct shapes, recognises shape is related to regions of 
electrons on the central atom (for 2 shapes), polarity of bonds or molecules;

 M – links shape/angle to number of electron clouds, links bond polarity to electronegativity or 
polarity of molecules to their shape;

E – full explanations for shape and polarity)

Question Three

a. Molecule O2 OCl2 CH2O

Lewis 
structure

O O Cl ClO C

H

H

O

b.  CCl4 has a tetrahedral shape with a bond angle of around 
109°. There are 4 regions of electrons (electron pairs) around 
the central C atom. To minimise repulsion, these will take 
a tetrahedral arrangement. Since all the electron regions 
on the central atoms are bonds, the shape of the molecule 
is tetrahedral and such a shape has an angle between the 
bonds of 109°.

  COCl2 has a trigonal planar shape with a bond angle of 
120°. There are 3 regions of electrons around the central 
C atom. To minimise repulsion, these will take a trigonal 
planar arrangement. Since all 3 of the electron regions on the 
central atom are bonds, the shape of the molecule is trigonal 
planar – and such a shape has a bond angle of 120°.

c. non-polar

  Both molecules will have polar bonds because the atoms 
involved in the bonds have different electronegativities. BeCl2 
is a linear molecule and BF3 is trigonal planar. Each of these 
molecules has the bonds arranged evenly around the central 
atom so that the polarities of the bonds (the bond dipoles) 
cancel and hence the molecules are not polar.

(A – some of correct Lewis structures, correct shapes plus angles for molecules, recognises shape is 
related to regions of electrons on central atoms, polarity of bonds or molecules; M – links shape/
angle to number of electron clouds or links bond polarity to electronegativity or links polarity of 
molecules to their shape; E – full explanations for shape and polarity)

Question Four

a. Molecule HCN CH2Br2 AsH3

Lewis 
structure

H−C H — C — H

Br

Br

H — As — H

H

b. i. x = 120°

  y = 109°

 ii.  Around the B atom there are three regions of electrons 
(electron density). To minimise repulsion, these will form 
a trigonal planar arrangement which gives a bond angle 
of 120°. Around the O atom there are four regions of 
electrons (electron density). To minimise repulsion, these 
will form a tetrahedral arrangement which gives a bond 
angle of 109°.
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c. SO2  Polar

 CO2  Non-polar

  The S–O and C–O bonds are polar (have an uneven 
distribution of charge), since the bonded atoms have different 
electronegativities. SO2 is a bent molecule since there are three 
regions of electrons and only two bonds. This means that 
the polar bonds are not evenly arranged / unsymmetrical, so 
the polarity of the bonds doesn’t cancel / bond dipoles don’t 
cancel (leaving an uneven distribution of charge across the 
molecule). CO2 has two regions of electrons arranged such 
that the molecule is linear. This means that the polar bonds are 
evenly/symmetrically arranged around the central atom so the 
polarity of the bonds cancels and the molecule is polar.

(A – some of correct Lewis structures, bond angles, regions of electrons on central atom, polarity 
of bonds or molecules; M – up to two of links shape to number of regions of electrons / electron 
density arranged to minimise repulsions, links bond polarity to electronegativity and polarity of 
molecules to their shape; E – up to two of full explanation for shape, full explanation for polarity)

Question Five

a. Molecule CH4 H2O N2

Lewis 
structure H C

H

H

H

H O H N N

b.  BF3 is trigonal planar. There are 3 regions of electrons (electron 
pairs) on the central atom, B. To minimise repulsion, these 
will be in a trigonal planar arrangement. Since all the electron 
regions on the central atoms are bonded electrons, the shape 
of the molecule is trigonal planar with a bond angle of 120°.

  PF3 is a trigonal pyramid. There are 4 regions of electrons 
(electron pairs) on the central P atom. To minimise repulsion, 
these will be take a tetrahedral arrangement. Since only 
3 of the electron regions on the central atom are bonded 
electrons, the shape of the molecule is a trigonal pyramid 
with a bond angle of ~109°.

c. i. Polar

   N–H bonds are polar (have an uneven distribution 
of charge) since the bonded atoms have different 
electronegativities. These polar bonds are not evenly 
arranged around the central atom (since the shape of the 
molecule is a trigonal pyramid), so the polarities of the 
bonds (dipoles) do not cancel each other out. Hence the 
molecule is polar.

 ii. Polar: Bent Non-polar: Linear

 M
XX
        M XX

   In a bent or V-shaped molecule, the polar bonds will 
not be evenly arranged around the central atom so 
the polarities of the bonds will not cancel (they will 
be added) and the molecule will be polar. For a bent 
molecule, there needs to be more than 2 regions of 
electrons on the central atom – bent molecules occur, 
with 2 bonded and 1 non-bonded e– clouds; or, with 
2 bonded and 2 non-bonded e– clouds.

   In a linear molecule, the polar bonds will be evenly or 
symmetrically arranged around the central atom. Since 
the polarities of the bonds are the same size but point in 
opposite directions (see diagram), they cancel each other 
out and the molecule will be non-polar.

 (A – majority of Lewis structures, shapes, angles, polarity, dependence of polarity on shape correct; 
M – links arrangement of e– to shape / bond angle, electronegativity difference, spread of charge 
to polarity; E – justifies polarity in terms of bond arrangement and electronegativity)
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