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Achievement Standard 90932
 Demonstrate understanding of aspects

of carbon chemistry

Hydrocarbons

Covalent bonds
Non-metal elements – those with 4, 5, 6 or 7 valence electrons – can achieve a stable electron arrangement 
by sharing electrons in their outer energy levels (valence electrons) with another non-metal atom. The 
attraction between the shared electrons and the nuclei of the two atoms is known as a covalent bond
between two atoms.

The element carbon can form long chains of carbon atoms, with covalent bonds between the atoms.

• The C–C covalent bonds are very strong.

• Carbon-containing compounds are the basis of organic chemistry.

• The simplest organic compounds are hydrocarbons – compounds made up only of hydrogen and 
carbon.

Carbon-containing compounds can be represented by either:

• a molecular formula – indicates the number and type of atoms in a molecule

• a structural formula – indicates the arrangement of atoms in a molecule, showing the covalent bonds 
between atoms.

Alkanes
The alkanes are a family of hydrocarbons with the general formula, CnH2n + 2 (n can be any number 1, 2, 3, 
4, …, etc.).

 Systematic naming of alkanes

Name
Molecular
formula

Structural
formula

Melting
point
(°C)

Boiling
point
(°C)

Physical
state at
20 °C

Occurrence 
and uses

methane CH4 –182 –164 gas

natural gas 
fuel (CNG); 
source of 
hydrogen 

for ammonia 
production
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H
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H
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H
CH2

added

–183 –88 gas
natural gas; 
fuel (CNG)

propane C3H8
C

H

H

H C

H

H

C

H

H

H –190 –42 gas

natural 
gas and 

petroleum; 
fuel (LPG)
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Questions: Hydrocarbons

 Question One: Sources of ethanol
Ethanol can be made from plants or from crude oil.

a. Process 1: from plants

glucose $ ethanol

 Elaborate on the process which turns glucose into ethanol.

 In your answer, you should include:

 • the name and a description of the process

 • explanations of any conditions required

 • a balanced symbol equation for the reaction occurring.

 Balanced symbol equation:

b. Process 2: from crude oil

alkanes $ ethene $ ethanol

 The fi rst step in this process involves the separation of crude oil into 
alkanes, as shown in the diagram on the right.

  Name the process by which crude oil is separated into alkanes, and 
explain why it is carried out in tall towers. 

Year 2020 
Ans. p. 125

Crude oil 
vapour
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 Achievement Standard 90933
 Demonstrate understanding of aspects

of selected elements

Atomic structure and the periodic table
An atom is the smallest particle of an element that can take 
part in a chemical reaction.

Three major types of sub-atomic particle have been 
discovered: protons, neutrons and electrons.

• Protons have positive (+) charge. Protons are in the 
nucleus.

• Neutrons are neutral, i.e. no charge. Neutrons are in the 
nucleus.

• Electrons have negative (–) charge. Electrons are found 
in separate ‘shells’ or ‘energy levels’, around the nucleus.

Sub-atomic 
particle

Mass on the 
atomic scale

Charge

proton 1 1+

electron 0.0005 1–

neutron 1 0 (no charge)

All atoms contain these particles – except hydrogen, which contains no neutrons.

An atom of an element can be represented in the following manner:

The symbol used to represent
one atom of the element.XZ

A

Mass number (A) – indicates the number of protons
plus neutrons in the nucleus of the atom.

Atomic number (Z) – indicates the number of
protons; also the number of electrons in the atom.

All atoms are electrically neutral, with the number of positive charges (protons) equal to the number of 
negative charges (electrons).

Each element has its own unique atomic number. The atomic number can be used to identify each element. 
The number of protons (and therefore the number of electrons) is always the same for a particular element.

Example
A sodium atom has 11 protons, 12 neutrons and 11 electrons.
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neutrons

protons

make up
nucleus

electrons scattered
around nucleus –
occupy a large
volume of space

The nucleus is 
drawn much 
bigger than scale.

Using symbols, this 
information can be 
shown as 23

11Na . The 
mass number of 23 
represents the total 
number of protons 
+ neutrons, i.e. 
11 + 12 = 23.
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Questions: Atomic structure and the periodic table

  Question One: Calcium and carbon allotropes
a. Calcium is a silvery-white metal.

 i. Give two physical properties of calcium (other than colour).

  Physical property 1:

  Physical property 2:

 ii.  How does the reaction of calcium metal differ with each of the following reactants: oxygen, cold 
water, and dilute hydrochloric acid?

  In your answer, you should include:

  • observations that would be made when the calcium reacts with each of the reactants

  • links between any observations and the products being formed

  • balanced symbol equations for calcium reacting with each of the reactants.

  Balanced symbol equation for calcium reacting with oxygen:

  Balanced symbol equation for calcium reacting with cold water:

  Balanced symbol equation for calcium reacting with dilute hydrochloric acid:

Year 2020 
Ans. p. 130
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  Question Two: Ions and Group 1 metal reactions
a. Why do potassium ions and chloride ions have different charges but the same electron arrangement?
 In your answer, you should:
 • explain why ions form
 • include the electron arrangements of both ions and their atoms
 • relate the charges of the ions to the positions of the atoms on the Periodic Table.

b. Sodium and lithium both react with water.
 Compare and contrast the reactions of these elements with water.
 In your answer, you should:
 • describe any observations that would be seen and link these to the species involved
 • write a balanced symbol equation for the reaction of lithium with water.

Balanced symbol equation for the reaction between lithium and water:

c. Sodium and lithium also react with dilute acids, such as hydrochloric acid and sulfuric acid.
 i. Complete the word equation for lithium reacting with hydrochloric acid.

    lithium   +   hydrochloric acid   $

 ii. Complete the balanced symbol equation for sodium reacting with sulfuric acid.

        Na          +          H2SO4          $

Year 2019 
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 Achievement Standard 90934
 Demonstrate understanding of aspects

of chemical reactions

Combination and decomposition reactions

Simple combination reactions
Simple combination reactions or synthesis reactions are chemical reactions in which the atoms of one 
element combine with the atoms of another element to form a single compound.

General equation: element A + element B  compound AB

For example, rusting occurs when iron atoms combine with oxygen atoms (from the air) to form a new 
substance, iron(III) oxide.

The word equation for this is: iron + oxygen  iron(III) oxide

The balanced symbol equation is: 4Fe + 3O2
 2Fe2O3

Why do the atoms of different elements combine?
Atoms of different elements will react with each other if the new substance formed is more stable than the 
original substances. Heat energy is sometimes required to start the reaction.

Reactive metals are not very stable so they tend to react quickly with non-metal elements. When a metal 
combines with a non-metal, an ionic compound is formed. For example, sodium metal will burn in 
chlorine gas to form sodium chloride, an ionic compound.

 2Na + Cl2  2NaCl

Non-metal elements also combine with other non-metal elements to form covalent compounds. For example:

• carbon + oxygen  carbon dioxide

• hydrogen + oxygen  water  (technically, water is hydrogen oxide)

• sulfur + oxygen  sulfur dioxide

• nitrogen + hydrogen  ammonia

A common combination reaction is the reaction of an element with oxygen. This is sometimes called 
an oxidation reaction. Oxidation reactions that occur rapidly, with heat and fl ame released, are also known 
as combustion or burning.

Decomposition reactions
Compounds are more stable than the reacting elements. However, many compounds break down to 
simpler compounds when they are heated. These reactions are called thermal decomposition reactions.

General equation: compound AB  element/compound A + element/compound B

The products formed when a metal carbonate decomposes are the metal oxide and carbon dioxide gas.
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Example
When copper carbonate is heated:

• the green solid begins to bubble and a new black solid of copper oxide is formed

• a gas is given off, which turns limewater milky – this is carbon dioxide gas.

The word equation for this reaction is:

copper carbonate heat copper oxide  carbon dioxide

The symbol equation is:

CuCO3
 CuO  CO2

(green solid) (black solid) (colourless gas)

The products formed when a metal hydrogencarbonate decomposes are the metal carbonate, carbon 
dioxide gas and water.

Example
When sodium hydrogencarbonate is heated:

• both carbon dioxide gas and water are given off as products

• a white solid (the carbonate) forms.

The equations are:

sodium hydrogencarbonate heat sodium carbonate  carbon dioxide  water

2NaHCO3
 Na2CO3

 CO2
 H2O

The products formed when a metal hydroxide decomposes are the metal oxide and water.

Example
When calcium hydroxide is heated, steam (water in the gaseous state) is given off. This appears as 
a cloudy vapour or as a colourless liquid that condenses at the top of the test-tube.

Note:

•  A reliable test for the presence of water is cobalt chloride paper, which changes colour from 
blue (no water) to pink (water present).

•  If a test-tube of limewater is held to the mouth of the test-tube being heated, there is no 
change in the limewater, indicating that there is no carbon dioxide.

Calcium hydroxide decomposes to calcium oxide (a white solid) and water (steam):

calcium hydroxide heat calcium oxide  water

Ca(OH)2  CaO  H2O

Metal hydroxides and carbonates of less reactive metals (i.e. metals that are low on the activity series) 
decompose easily. For example, copper carbonate decomposes more readily than calcium carbonate. 
(Calcium is higher on the activity series than copper.)

Sodium and potassium carbonates do not decompose at all (sodium and potassium are at the top of the 
activity series).

All the metal hydrogencarbonates that exist will decompose readily.
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Questions: Precipitation and displacement reactions

 Question One: Lead and iron compounds
Solubility rules are provided on page 81 of this workbook.

a. Name the precipitate formed when the following solutions are mixed together.

 i. Copper nitrate and potassium hydroxide:

 ii. Sodium carbonate and barium nitrate:

b. i. Lead nitrate solution and sodium chloride solution react to form a precipitate.

  Write a balanced ionic equation for this reaction.

 ii. Why is this reaction classifi ed as a precipitation reaction?

 iii.  Describe any observations that would be made during this reaction, and link them to the reactants 
and products.

Year 2020 
Ans. p. 137
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SCIENCE

1.5
Externally assessed 4 credits

 Achievement Standard 90944
 Demonstrate understanding of aspects

of acids and bases

Periodic table and table of ions
A periodic table is given on page vii of this book.

 Table of ions
You must know the names of the ions. Following is the table of ions that you will be given in the AS 90944 
(Science 1.5) exam but with spaces for you to write the names of the ions.

+1 +2 +3 –3 –2 –1

NH4
+ Ca2+ Al3+ O2– OH–

Na+ Mg2+ Fe3+ S2– Cl–

K+ Cu2+ CO3
2– NO3

–

Ag+ Pb2+ SO4
2– HCO3

–

H+ Fe2+ F–

Li+ Ba2+ I–

Zn2+

Atomic structure
Elements are made up of only one type of atom. Atoms are made up of protons (positively charged), 
and neutrons (no charge) that form a central nucleus. The nucleus is surrounded by electrons (negatively 
charged) that orbit the nucleus in shells.

Atomic number = no. protons. Mass number = no. of protons + no. neutrons (electrons are so small their 
mass is negligible in contributing to the overall mass of an atom). Example: sodium, Na: atomic no. 11 
(11 protons); mass no. 23 (11 protons + 12 neutrons)

Atoms are neutral (have no overall charge) – the number of (positive) protons 
equals the number of (negative) electrons. Example: sodium, Na, atomic no. 11, 
has 11 protons and also 11 electrons.

Electrons orbit the nucleus in energy levels (‘shells’). For the fi rst 20 elements, 
fi rst shell (closest to nucleus) holds maximum of 2 electrons; 2nd and 3rd shells 
hold up to 8 electrons; any remaining electrons are found in the 4th shell. The 
electron arrangement is a shorthand way to describe the number of electrons in 
each shell. Example: sodium (11 electrons: 2 electrons in 1st shell, 8 electrons in 
2nd shell, 1 electron in 3rd shell) electron arrangement is written Na: 2,8,1

Atoms in the same group (column of the periodic table) have similar electron arrangements, i.e. they have 
the same number of electrons in their outer shell. As a result, elements in the same group react chemically 
in a similar way to each other.

Ans. p. 140

The sodium atom

n n

+

Na: 2,8,1
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Questions: Atomic structure

 Question One: Sodium compounds
a i. Sodium and oxygen are elements on the periodic table.

11
Na

8
O

   Using the information supplied, draw the electron arrangement of a sodium atom and an oxygen 
atom.

Sodium Oxygen

 Sodium ions and oxide ions have the same electron arrangement.

 ii. State the electron arrangement of the sodium ions and oxide ions.

 Electron arrangement of both ions:

 iii. How can sodium ions and oxide ions have the same electron arrangement but different charges?

   In your answer you should refer to the number of protons, charge, and electron arrangement of the 
two ions.

Year 2020 
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b. Two unlabelled colourless solutions are known to be:

 • sodium hydrogen carbonate, NaHCO3

 • sodium hydroxide, NaOH.

 These solutions can be identifi ed using only red litmus paper and sulfuric acid, H2SO4, solution.

 i. Complete the table, describing any observations that would be made.

Unlabelled 
solution

Observation (if any) with
red litmus paper

Observation (if any) with
sulfuric acid (H2SO4)

sodium hydrogen 
carbonate, NaHCO3

sodium hydroxide, 
NaOH

 ii. Explain each of the observations and how these allow the solutions to be identifi ed.

 Demonstrate understanding of aspects of acids and bases 101
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Answers and explanations

Assessment criteria
Achievement Merit Excellence

Demonstrate understanding will typically 
involve:
•  describing, identifying, naming, 

drawing, giving an account of, or 
defi ning aspects

•  using chemistry vocabulary, 
symbols and conventions, 
including names and formulae

• completing word equations.

Demonstrate in-depth understanding will 
typically involve:
• explaining aspects
•  using chemistry vocabulary, symbols 

and conventions, including names and 
formulae

•  writing word equations or completing 
given symbol equations.

Demonstrate comprehensive understanding will 
typically involve:
•  linking aspects when elaborating, 

justifying, relating, evaluating, comparing 
and contrasting, or analysing

•  using chemistry vocabulary, symbols and 
conventions consistently

• writing balanced symbol equations.

 Achievement Standard 90932 (Chemistry 1.3):
Demonstrate understanding of aspects of 
carbon chemistry

1.3 Hydrocarbons

 Question One: Sources of ethanol
a. Balanced symbol equation:

  C6H12O6  2C2H5OH + 2CO2

  Fermentation uses yeast at warm temperatures of 30–40 °C 
due to the yeast being a living organism, so it requires mild 
temperatures for survival and also anaerobic conditions 
– which is with no oxygen – to convert the glucose into 
ethanol. The reaction needs to be done in a vessel that has an 
open vent to release carbon dioxide gas by-product.

b.  The process is fractional distillation, which uses differences in 
boiling points of the alkanes. The large, long-carbon-chain 
alkanes have high boiling points due to having greater mass 
and therefore higher-strength intermolecular forces than 
small, short-carbon-chain alkanes with low boiling points. 
Tall towers are needed to enable the mixture of alkanes in 
the crude oil to separate at a range of temperatures. In this 
process the overall mixture of crude oil is heated to a high 
temperature so that it is mostly all in the gas state, then 
passed into the tower. The largest alkanes with very high 
boiling points are still in the liquid state, so fall to the bottom. 
The remaining mixture of gasses moves up the tower, 
gradually cooling as it rises. During cooling, the larger alkane 
molecules, which have the higher boiling points, condense 
to a liquid and so are separated from the gas mixture. This 
process continues as the gases move up the tower until all 
the fractions except the shortest chain alkanes have been 
separated at increasing heights, leaving the remaining gas to 
fl ow out of the top of the tower.

c. i.  Cracking creates the alkene molecule ethene as a by-
product. Ethene can then be reacted with water to break 
one of the C=C bonds in an addition reaction that forms 
the ethanol product.

p. 6

 ii. C12H26  C6H12 + C4H10 + C2H4

  C18H38  C4H8 + C6H14 + 2C3H6 + C2H4
(A – 3 of: names fermentation in a., correctly describes conditions needed in a., names fractional 
distillation in b., identifi es that boiling point increases with chain size in b., states cracking makes 
ethene in c. i.; M – 2 of: why the conditions are required is explained with reference to the 
fermentation process in a., fractional distillation correctly explained with reference to boiling point 
or carbon chain length/size in b., explanation and one equation correct in c.; E – M with: balanced 
symbol equation in a., both boiling point and carbon chain length linked to process of fractional 
distillation and tower height in b.)

 Question Two: Polymers and unknowns

a. i. ethene

H

H
C C

H

H

propene

H – C – C = C

H

H

H H

H

propane

H – C – C – C – H

H

H

H

H

H

H

 ii.  To make a polymer, the starting monomer needs to 
contain a C=C double bond. The monomer is heated 
with a catalyst and one of the C=C bonds breaks, which 
then allows a C atom to form a new bond to an adjacent 
monomer in an addition reaction. This causes the C=C 
in the adjacent monomer to break one of its bonds 
and it can then add to the next monomer. This process 
continues for several hundred monomer molecules to 
make a long-chain polymer. Both ethene and propene 
contain a C=C, so are able to undergo this addition 
reaction to be polymerised into long-chain polyethene 
and polypropene respectively. However, propane 
only contains C–C single bonds, so propane is unable 
to undergo addition reactions to adjacent propane 
molecules and so cannot form a polymer chain.

Take care when discussing polymerisation to avoid 
saying that bonds in a C=C are broken in the process.

 iii.

–  C  –  C  –  C  –  C  –

CH3 CH3

H

H

H H

H

H

 iv.  Polyethene has the physical properties of being a 
strong, lightweight and easily shaped material. It has the 
chemical properties of being unreactive and insoluble 
in water. This makes it useful for use as a shopping bag 

p. 8
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